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FOREWORD

The objective of this study was to determine the operating
characteristics and relative hazard associated with/and to
establish criteria fo~the application of two-way stop, yield,
and no control at low volume intersections. The report will be
of interest to traffic engineers involved in controlling traffic
by signing.

Observations and measurements were made at 140 low volume inter­
sections located in Texas, Florida, and New York. Control type,
location (urban/rural), geometry (3-leg/4-leg), major roadway
volume, and sight -distances were examined to determine their
individual and interactive effects on driver behavior, accident
experience, and travel time through the intersection. Findings
show that restrictive control (STOP) did not produce lower
accident experience. Yield control resulted in the lowest travel
time of the three control types considered.

Sufficient copies of the research report are being distributed
to provide two copies to each regional office, one copy to
each division office, and two copies to each State highway
agency. Direct distribution is being made to each division
office.

~f~
Director, Office of Research
Federal Highway Admin~stration

NOTICE

This document is disseminated under the sponsorship of the
Department of Transportation in the interest of information
exchange. The United States Government assumes no -liability for
its contents or use thereof.

The contents of this report reflect the views of the authors who are
responsible for the facts and the accuracy of the data presented
herein. The contents do not necessarily reflect the official views
or policy of the Department of Transportation.

This report does not constitute a standard, specification, or
regulation.

The United States Government does not endorse products or manufac­
turers. Trade or manufacturers' names appear herein only because
they are considered essential to the object of this document.
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CHAPTER 1:

Speci f Ic warrants for installation of STOP

and YIELrJ signs at low volume Intersections

are not included In the current r~anual on

Uniform Traffic Control Devices for Streets

and HI $lhways U~UTCD) <J..) or other nat Iona I

pol Icy manual s. In fact, the term "low

vo I ume" intersect i on is not spec i fica I I Y de­

fined, although general practice has been to

classify all intersections of minor roadways

with less than 500 vehicles per day (vpd)

with any other roadway as low volume Inter­

sections.

The ~1UTCD warrants for usage of STOP

signs, although not specifically del ineating

Intersection volume constraints, generally

have been appl led by practicing engineers at

those intersections eXhibiting high accident

hi stor i es, or where the ru I e of ri ght-of-way

i s un du I y ha zardous. The MUTCD however,

spec If i es that a STOP sign ~ be used at

the intersection of a street with a through

highway or of two streets (volume unstated).

Warrants for use of YIELD signs are equa I I Y

non-spec if i c with respect to traf f I c vo I ume

conditions.

In es'sence, there ex i st no spec if i c gu 1de­

I ines by which the practicing engineer can

obj ect i ve I y assess the need for I nsta I Iat ion

of a STOP sign or a YIELD sign,as opposed to

installing no sign control at a low volume

Intersect ion. Yet eng i neers are faced with

this di lemma for more than an estimated half

ml II Jon "low volume" intersections (2)

throughout the nation.

Several factors Influence the need for ob­

jective criteria and warrants for regulatory

signing (including "no-sign"). The economic

constraints within which agencies must ope­

rate dictate that costly signs must be in­

stal I ed on I y where necessary for safety and

efficient traffic operation. Sign installa­

tion costs represent only one economic fac­

tor; traffic control devices regulating ope-

EXECUTI VE SUMMARY

rations affect road user costs, fuel

consumption and exhaust emissions~ The

atmosphere with respect to tort Ii ab I I'i ty is

rapidly becoming a highly influential factor

in the decisions to install traffic control

devices. However, extravagant usage of

unneeded traffic control breeds driver

disrespect for the devices in general, which

can Iead to Increased noncomp Ii ance and

increased accident occurrence. These

factors must be evaluated against the safety

aspect of right-of-way control so that

objective guidelines for signing ot low

volume intersections can be developed.

PURPOS E OF STUDY

This research study determined the operat­

i ng character i st i cs and the re I at i ve hazard

associated wlth 1 and establ Ish definitive

criteria for; the appl ication of two-way

STOP, YI ELD and No Control at low volume in­

tersections. The resulting criteria were

based on the premise of using the minimum

amount of contro I necessary to ma i nta I n a

reasonable level of safety.

The types of intersect Ions cons i dered ex­

cluded those control led by signals or multi­

way STOP signs. They had at least one road­

way with an ADT of 500 vehicles per day

(vpd) or less and did not meet the MUTCD

vo I ume warrants for signa Is. Tho i ntersec­

t ions stud i ed were representat i ve of urban

and rura I areas, the roost common geometr I c

layouts (3-le9 and 4-leg)" and a range of re­

gional (Texas, Florida, and New York) dif­

ferences. ~1aj or roadway vo I urnes up to

10,000 vpd were included.

LITERATURE SURVEY

The bulk of the previous research has cen­

tered on one aspect or another of intersec­

tion operation and safety without adequate

consideration of all possible variables.



Only four studies have specifically ad­

dressed low volume intersections.

Three of the four low vol ume intersection

studies were based heavi Iy on theoretical

relationships) or on simulation, with some

emp i rica I data. AI I four stud i es demon­

strated the feasibility of establishing

minimum definitive warrants for STOP, YIELD

and No Control at low volume intersections.

Other research, not necessarily restricted

to low volume situations, identified other

potentially important relationships.

Severa I stud I es showed that both major and

minor roadway volumes had a significant im­

pact on accident rate. However, little

change in accident rate was experienced when

STOP signs were replaced with YIELD signs.

Accident. severity was found to increase with

speed d I f ferent i a I; acc i den t cost increased

with severity. Operating costs increased

sign if i cant I y with i ncreas I ng major roadway

vol-ume. Compliance with STOP control has

deter lorated cons i stent I y over the last 50

years to the extent that I ess than 20% of

the dri vers vo Iuntar i I Y stop. Researcher s

investigating compl iance cited overuse of

STOP signs as a primary reason for high" vio­

lation rates.

DEVELOPM ENT OF PREL IMI NARY rn ITER I A

Significant findings from the literature

survey were exam i ned in more deta I I for the

purpose of developing the best possible set

of criteria. Criteria employed by other

agencies were also examined. A set of vari­

ables requiring val idation was developed

(Table I). In most cases the variables had

not been sufficiently validated to permit

quantification of preliminary criteria with­

out further extensive validation.

FIELD VALIDATION

po i nts in acc i dent and operat i ng character­

istics, and 2) on-site field studies.

Screening Studies

Significant difficulties were encountered

In conducting the screening studies as de­

signed. Deta i led intersect i on and/or con­

trol device inventories were found to be ex­

tremely rare in all parts of the country and

across all jurisdictions. The use of YIELD

and No Control is very I imited, especially

in rural areas. Traffic volumes at low vol­

ume intersectons are rarely counted, and al­

most never on a rout I ne bas is. For these

reasons, the screening study was I imited to

Texas, where acc I dent records were manua I I Y

searched, control type was identified by

on-site inspection, and traffic volumes were

estimated from one-hour counts.

On-Site Field Studies

Field investigations were conducted in

Texas, Florida and New York. Crews of two

persons were dispatched to a total of 140

Intersections (60 in Texas, 40 each in

Florida and New·York). In each region, a·

representative sample of STOP, YIELD and No

Control in both urban and rural areas was

exam i ned.

Operatlona I data collected inc luded major

roadway approach speeds and the fo I low in g

data on each mi nor roadway veh I c I e: ap­

proach speed, turning movement, total travel

time [from 150 feet (45 m) In advance of the

IntArsection to 150 feet (45 m) beyondl,

entry speed and conflicts. Physical char­

acteristi~s Included approach sight distance

to the control device/and available sight

distance on each quadrant) compared to the

sl ght distance recommended by AASHTO. A

three-year accident history was obtained for

each intersection.

Field validation was accompl ished in two

phases: 1) stud i es to screen for break-

2

Intersections sampled In rural

proved to be somewhat anomallstlc

Florida

in that



Table I. Candidate Variables Studied

Dependent Variables
Driver Behavior

Forced Stops.
Voluntary Stops
Slow Entries
Fast Entries
Conf I Icts

.Independent Variables
Control Type
Intersection Type
Region
Location
Major Road Volume
Minor Road Vo Iume
Approach Speed
Sight Distance

Accident Experience
Accidents Per Intersection
Intersections with Accidents
Severity

Travel Time
3~Leg Intersections
4-Leg Intersections
Turning Movements

3



there were no rura I YIELD or No Contro I i n­

tersections, and that the volumes at rural

STOP Intersections were extremely low.

These artifacts were adequately accounted

for in the analysis.

DATA ANALYSIS AND RESULTS

Dr i ver behav i or, ace i dent exper I ence and

travel time were analyzed for each Indepen­

dent variable: region, location, control,

geometry and major volume.

A summary of the resu I ts by contro I type

Is shown in Table 2.

It was concluded that control type has no

appreciable effect on accident experience at

low volume intersections. Travel time Is

significantly affected by signing, with STOP

contro I produc I ng the longest trave I tl me,

and YIELD control the shortest.

Only minor operational differences were

detected between regions. It was concluded

that any signing criteria would have equal

app I I ca b i I I ty In a I I reg i on s.

Small dl fferences in travel time were ob­

served between urban and rura I locations.

These differences are pr i mar i IY a funct i on

of major roadway volume.

Geometry (3-le9 and 4-leg) does not playa

major role in,elther the safety or operation

of low volume intersections.

Major roadway 'volume significantly affects

both the accident potential and operating

characteristics of low volume intersections.

The percentage of Intersections experienc­

ing accidents increases significantly at

2000 vpd and again at 4000 vpd (Irrespective

of control type). Travel time Increases

significantly at 2000 vpd, primari Iy due to

Increased forced stop rate.

intersections.

EXPECTED BENEFITS AND COSTS

Costs resulting from a change in control

type are those incurred by the highway

agency in labor and materials required to

effect the change. Benefits are the savings

in vehicle operating costs and road user

time costs resulting from the change. If a

change is made from a more eff I c I ent to a

less efficient control type, negative bene­

fits to the road user are Incurred.

Vehicle operating costs and road user time

costs were computed for each device· from the

data collected In the field studies. Cos,ts

were computed separate I y for major roadway

vo I umes be low and above 2000 vpd, as that

vo I ume was the po i nt of sign I fJ cance for

most variables.

The average annual costs and benefits were

computed assuming a seven-year service life

of control devices, a five-percent discount

rate and an annua I growth of three percent

In minor roadway traffic. A summary of

these values is shown in Table 3. In no

case was conversion to STOP control cost­

effective. Conversions to YIELD control

were always cost-effective.

A comparison of expected accident costs

and road user savings showed that YIELD con­

trol is preferable foro locations with up to

2 accidents in 3 years. I f the minor road

volume Is greater than 300 vehicles per day,

YIELD control Is cost-effective with up to

3 accirJents In 3 years. Higher accident

frequencies justify STOP control, consistent

with the "conventional wisdom" that STOP

control will reduce the potential for acci­

dents.

CONCLUS IONS

Sight distance has no discernible effect

on either safety or operations at'low volume

4

Based on the results of this

following criteria should govern

cation of traffic control at

study, the

the app li­

low volume



TABLE 2. Summary of Significant Data

Control Type Statistical
Significance

STOP YIELD No Control

Number of Intersections 48 48 44 -
Average Volume (vpd)

Major Roadway 2530 2380 3800 -
Minor Roadway 200 190 120 -

-
Accident Experience (3 Years) '9 Ace. 20 Ace. 14 Ace. -

Mean Acc./lntersectlon .44 .42 .32 Not Sig.
Intersection WINo Ace.

All Intersections 69% 83% 95% SIg., p< .05 -
Major Vo Iumes .2 2000 71% 91% 100% -
Maj~r Volumes> 2000 67% 62% 87% -

Driver Behavior
Voluntary Stops 19% 8% 9% Not 5ig.
510w Entr Ies « 5 mph) 65% 79% 80% Not 51g.
Fast Entries (> 5 mph) 16% 13% 11% Not 51g.

Travel Time
3-Leg Intersections (sees) 15.9 12.6 14.3 5 ig., p< .05
4-Leg Intersections (sees) 15.8 13.1 16.8 Not 51 9.
Turning Movements (sees) 15.8 12.7 14.6 5 i g., p<.05

5



TABLE 3. Average Annual Highway Agency Costs and Road User SaVings

Control Type Highway
Chanqe Agency Expected Averaqe Annual Savinqs

From To Costl/ MInor Roadway Volume .-
Existinq Proposed 3-Leq 4-Leq 100 200 300 400 500

--~---------------------~--------Major Volume < 2000 vpd-----------------------------

STOP YIELD $ 7 $ 11 $ 240 $ 480 $ 720 $ 960 $1,200
,

STOP No Contro I 5 5 44 88 132 176 220

No Control YIELD 14 23 196 392 588 784 980

-------------------------------4~ajor Volume> 2000 vpd----------------------~-------

STOP YI ELD $ 7 $ 11 $ 244 $ 488 $ 732 $ 976 $1,220

STOP No Control 5 5 155 310 465 620 775

No Control YI ELD 14 23 88 176 264 352 440

J! From Table 48.
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a. No more than two acc i dent s i nvo I vi ng

minor roadway veh i c Ies have occurred

within the last three years, or

b. At intersections with minor roadway

vo I umes greater than 300 veh i c I es per

day,'no more than three such accidents

have occurred within the last three

years.

available sight distance exists on ~

quadrants to permit a safe approach speed

of at least 10 mph (16 km/hl and one or

more of the following conditions exist:

3. No Control may be used at intersections

where the sight distance specified for

YIELD signs is af forded, and there have

been no accidents in t~e last three

years, and the maj or roadway vo I ume is

less than 2000 vehicles per'day.

three

roadway

vehicles

years, or

• Three or more within the last

years, provided that minor

volumes are less than 300

per day.

a. Sight distance on any quadrant

produces a safe approach speed on the

minor approach of Iess than 10 mph

(16 km/h) (per MUTCD).

b. Accidents involving minor roadway

vehicles have occurred with either of

the fol lowing frequencies:

• Four or more within the last three

intersections.

1. STOP signs(s) should be installed on the

minor approach(es) of intersections where

one or more of the following conditions

exist:

2. YIELD sign(s) should be installed on the

minor approach(es) of Intersections where

Table 4 summarizes the conditions under

which each control type should be appl ied.

7



TABLE 4. Summary of Suggested Control Criteria.

Major Roadway Volume
Sight Accident

Distance HI story < 2000 vpd > 2000 vpd-

I

0 i'b Control I

------ I

<2 YIELD-
Adequate ----------------

3 STOP·

4+

STOP
i'bt

Adequate

*If minor roadway Is greater than 300 vpd, YIELD control Is
appropriate for Intersections with less than 4 accidents in
3 years.

8



CHAPT ER 2. DEV ELOPM ENT OF PR EL IMI NARY CR ITER I A

The purpose of til I s task was to I) rev i ew

the pertinent literature, 2) Identi fy, as

closely as possible, the best set of cri­

teria from the several sets avai lable and,

3) determine the actual field data collec­

t i on requ i rements. With these req u i rements

in mind it was then possible to prepare an

exper i menta I p I an that concentrated on the

key variables and omitted or minimized study

of extraneous var i ab I es.

LITERATURE REVI EW

The literature was categorized and wi I I be

discussed independently as fol lows:

(I) Current criteria, warrants, and prac­

tice,

(2) Low volume intersection research In­

vestigations, and

(3) Related research of merit.

Current Criteria, Warrants and Practice

Specific warrants for the installation of

STOP and YIELD signs at low volume intersec­

tions are not inc l uded in the current~

on Uniform Traffic Control Devices for

Streets and Highways (MUTCD) (I) or other

national policy manuals. In fac,t, the term

"low volume" intersection is not specifi­

cally defined, although general practice has

been to classify intersections with at least

one roadway of SOO vehicles per day (vpd) or

less as "low volume" Intersections -- analo­

gous to the accepted "low vol ume" roadway

definition.

Two-Way STOP Control

The MUTCD warrants for STOP signs, al­

though not specifically del ineatlng inter­

section volume constraints, generally have

been applied by practicing engineers at

those intersections exhibiting high accident
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hi.storles.. or where the rule of right-of-way

Is unduly ,hazardous. The r~UTCD, h<?wever,

spec if i es that. a STOP sign may be used at

the intersection of a street with a through

highwaY,or of ~wo streets (volume unstated).

The warrants contained in the MUTCD for two­

way STOP control are given below:

"Because the STOP sign causes a substan­

tial inconvenience to motorists, it should

be used only where warranted. A STOP sign

may be. warranted at an intersection where

one or more of the following conditions

exist:

I. I ntersection of a less important road

with a main road where application of

normal right-of-way rule is unduly

hazardous.

2. Street entering a through highway or

street.

3. Unsignal ized intersection in a sig­

nal i zed area.

4. other intersections where a combination

of high speed, restricted view, and

serious accident record indicates a

need for control by the STOP sign."

These warrants are broad, perhaps because

at this time objective criteria are not

ava I I ab I e to state spec I flea I I Y those con­

ditions under which two-way STOP control Is

warranted. The warrants ref er to "und ue

hazard" and "ser i ous- ace i dent record;" how­

ever, unl ike signal warrants, guldel ines to

quantify these variables are not presented.

Although warrant #3 above Is unl ikely to

pertain to a low volume Intersection condi­

tion, any of the four warranting conditions

could exist at the low volume intersection.

The problem is one of interpretation or ~e­

flnition of "need" for a sign based on com­

parative analysis of safety (once defined)

and the economic effect of the device on

operations.



Multi-Way STOP Control vo I ume, warrant is 70, per tent of the

above requ irements."

Minimum traffic volumes:

"Any of the fo II ow i ng cond I t Ions may ,war­

rant a multi-way STOP sign installation:

(c) When the 8S-percenti Ie aPRroach speed

of the major street traffic exceeds 40

mi les per hour, the minimul'1 vehicular

(I) Where traffic signals are warranted

and urgently needed, the multi-way

stop is an interim measure that can be

installed quickly to control traffic

wh i I e arrangements are be i ng made for

the, signal installation.

probably the only war­

low vo I ume i ntersec-

Warrant #2 represents

rant applicable to

tions.

YIELD Control

"The YIELD sign may be warranted:

(1) On a minor road at the entrance to an

intersect i on where it I s necessary to

assign right-of-way to the major road,

but where a STOP is not necessary at

\~enger <1..), I n a study of 38 intersect ion s

that were changed from two-way to' four-way

STOP control" conc I uded that four-way stops

were warranted at relatively balanced vol­

umeS in the range immedIately below that for

signal'..arrants. This hypothesis was con­

firmed by 'Hammer in a study of six Cali­

fornia intersections (..!,. Syrek (~) showed,

however, that if the volumes were unbal­

anced, conversion from two-way to four-way,

STOP can cause an increase in accident rate.

Da I e (2,-'. conc I uded in 1966 that there was

"almost no economic justification for '4-way

stop' control" except for unusual situations

above medium volume conditions.

\~arrants for use of YIELD signs are

equally non-specific with respect to traffic

volume conditions. In essence, there exist

no specific guidel ines by which the practic­

i~g engineer can objectively asses~ the need

for installation of a STOP sign or a YIELD

sign/as opposed to install ing no sign con­

trol at a low volume intersection. The

YIELD sign represents a compromise device

'between ru I e-6f-the-road contro I of r I ght­

of-way ass i gnment and two-way STOP contro I,

in that vehicles controlled by it must, stop

on I y when necessary to avoid interference

with other traffic that is given the right­

of-way.

total vehicular volume entering

intersection from 'all approaches

average at least SOO vehicles per

for any B hours of an average

and

The

the

must

hour

day,

(a)

(2) An accident, problem, as indicated by

five or rrore reported accl dents of a

type susceptible to correction by

multi-way stop Installations in a 12­

month period. Such accidents include

r i ght- and I eft:"turn col lis Ions as

weLl as right-angie collisions.

(b) The comb i ned veh i cu I ar and pedestr i an

volume from the minor street or high­

way must average at Ieast 200' un i ts

per hour for the same B hours, with an

average de I ay to mi nor street veil i­

cular traffic of at least 30 seconds

per veh i c Ie dur i ng the r'laX i mum hour,

but

The ~1UTC[) warrants for multi-way STOP

s i ~ns are rrore cl ear Iy def i ned with respect

to measurable characteristics/ such as ap­

proach traffic volumes, accident occurrence

and vehicle/pedestrian confl ict. The multi-'

way STOP warrants are presen ted as' fo I lows:

10



al I times, and where the safe approach

speed on the ml nor roads exceeds 10

mi les per hour.

(2) At any intersec"tion where a special

problem exists and where an englneer­

In 9 study i nd I cates the, prob I em to be

susceptible to correction by use of

the YIE LD sign."

It can be assumed that If neither STOP nor

YIELD control is warranted, it is appro­

prla"te to leave the Intersection uncon­

trolled. AASHTO (7) recommends certain

sight tri angle ml nimums,' in the absence of'

controli based on v~hicle operating speeds

and assumed distances In wh i ch either or

both confl icting drivers may execute evasive

maneuvers to avoid confl let. Although the

AASHTO recommended sight distances may be

provided In a rural environment, it. may be

economically prohibItive to obtain them In

an urban/suburban environment.

Previous research conducted In 1963 sur­

veyed Intersection signing control policies

and practice on a national scope (~). Many

of "these guidel Ines.are sti II being adhered

to by states and municipalities and applied

at low volume intersections. During the

literature review conducted for the current

project, more "than "thirty states were con­

tacted regarding their:- current warrants and

criteria for sfgning control at low volume

Intersections. A tabular synopsis of this

reported data I s presented in Tab I es 5 and

6.

Many d i fferen"t wa rrant i ng systems ex I st,

with most conforming to MUTeD s"tandards.

However, a better definition of both "war­

ranted" and "unwarranted" is needed to guide

the application of signing control a"t low

volume Intersections.

Low Volume Intersection Research

The I iterature review revealed tha"t four
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research stud I es have been conducted that

perta in spec if i ca I I y "to the deve I opment of

criteria and warrants for low volume Inter­

sect ion contro I. The s"tud i es I nc I ude re­

search by Walton, et. al. '.2.), Bandyopadhyay

(.!Q), Ha II (_1_1), and Glennon (l.). I n add i­

t Ion to the above, Le i sch (~) I nvest I ga"ted

Intersection operations for a variety of

parameters, one of wh ich was approach

volume.

One of the first research efforts directed

specifically to low volume intersection

signing needs was conducted In 1974 as part

of a study to Identify signing needs on low

volume roads (9). Walton, et,al.,' developed

a set of signing criteria based on a theore­

tical relationship between operating costs

and accident costs derived from a "prob­

ability of conflict" analysis.,

A deficiency in W~lton'~ stGdy~from an ap­

pi ication vl~wpoin~was that it lacked 'field

va Ii dat i on. Some of the assumpt ions that

were necessary In the theore"t'ical analysis,

such as the I en g"th of a "con f 1 jet I nterva I,"

the actual ratio of accidents 'per conflict

and the absence of sight di~tan~e considera­

t i ons
l

requ I re fu rther eva I uat i on to I ncorpo­

rate portions of the study resuLts',lnto the

development of criterIa.

Bandyopadhyay conducted a study of 53 low

volume Intersec"tlons in Indiana, comparing

safety to operating costs at rural and sub­

urban intersections under three con"trol

types -- two-way STOP, YIELD, and no control

(.!Q).Although his study Identified para­

meters that mer i t further cons i de rat Ion for

inclusion In criteria development, he for­

mulated no specific conclusions regarding

sign I ng cr i terl a for low vo I ume I ntersec­

tions.

Hall expanded the results of previous re­

search through a study completed in 1977

(..!.!-). Using computer simulation to perform

systems trade-offs among sa fety, fue I con-



TABLE 5. STOP Control Application Criteria Oth~r Than Or In Addition to MUTCD Criteria

State of Delaware

State of New York

VOLU~~E ACCIDENTS
Two accidents correctable
by STOP within 12 months.

SIGHT DISTANCE
CRITERIA

Safe approach speed less
than 24 mph.

Critical approach speed
less than B mph.

OTHER
(School, Ped •• etc.)

Minor approaches at school
crossings.~ on major If
more than 2500ft from pre­
vious STOP or YIELD.~
If minor approach serves
15 or more homes.

N

State of North Dakota I Major approach ADT greater
than 150 or total ADT
greater than 250.

City of Baltimore,' t-[) IMajor volume exceeds 100vph

2 in 5 years, AND

Less than AASHTO Case
I I •

Safe approach speed less
than 5 mph.

Safe approach speed 5-10
mph.

City of ' Concord, CA

Montgomery County,
Maryland

Major,volume exceeds 1000
vpd (or 100vph) and minor
volume exceeds 500vpd (or
50vph).

Major volume exceeds 500vpd
(or 50vph) and minor volume
exceeds 250vpd (or 25vph),
AND/OR

2 in '1 year, or 3 in 5
years, AND

4 In 1 year

2 or more within 1 year,
AND/OR

Safe approach speed
greater than 10 mph.

Critical approach speed
of 10 mph or less.

Critical approach speed
less than 15 mph.

Sight distance along ma­
jor from 35ft back on
minor Is less than'125ft

Two or more criteria must
be met.



TABLE 6. YIELD Control Application Criteria Other Than Or In Addition to ~4UTCD Criteria

w

State of Delaware

State of New York

State of North Dakota

City of Baltimore, MD

City of Concord, CA

Montgomery County, MD

VOLur·1E

Less than 150vpd on major
approach AND

Major street 500vpd'or (50
vph)' peak and minor street
250vpd (or 25vph) peak.

ACCIDENTS

Two or more of correc­
table type In 12 months
(if only STOP warrant
met),

SIGHT DISTANCE
CRITERIA

Cri~ical ,approach speed
greater than B mph.

Greater than AASHTO Case
II modified for rural
and urban separatel y,
AND

Critical approach speed
between 15 and 20 mph.

Sight distance. along
major from 35ft back on
minor is greater than
125ft~

OTHER
(School, Ped., etc.)

Minor approach serves 5 or
more homes.

Rural-g~avel roads only.
Urban-city streets only.

At intersections where
STOP is not warranted.

Some control dictated by
geometries, accidents, or
volumes.



sumptlon, exhaust emissions, noise and delay

for various control levels,' he Identified

the most eff,iclent control type for a given

set of Intersection conditions. From his

simulations, Hal I computed vehicle operating

costs, delay, exhaust emissions and noise

for the three control, types. He used broad

estimat~s for the s:,,!fety effects of STCf' and.

YIELD signs (though he found no ev I dence of

d if ference) and mod i f i ed Wa I ton's expected

ace i dent rates to generate annua .1 accident

costs. Hal I concluded that YIELD sign con­

trol was the most efficient control for

110 I umes greater than 200 veh i c I es per day,

and that no control was most efficient- below

200 ADT. As with prevlous.studles, Hall did

not include the actual effects of slght'dls­

tance on contro I requ i r·eme·nts. He assuT:led

that the absence of r.ecommended sight dis­

tance necessitated STOP control.

Tab I es 7 and 8 present the' dependent and

Independent lIariables considered by Walton,

Bandyopadhyay, Hall, and Lelsch and signifi­

cant results reported.

Related Research of Merit

Although the volume of research on low

volume Intersections Is limited, there has

been considerable: research on related

topics. In many cases, Information deter­

mined from a particular set of conditions

may be read i I Y app I I cab I e to another set.

The following topics '11111 each be discussed

relatille to the pertinent literature regard­

I ng the potent la I eHect on sa fety "and econ­

omy at low volume Intersections.

Control Type

I n a 1958 study, 'Ke I I <E.) found that the

Installation of YIELD signs at uncontrolled,'

low volume urban Intersections reduced acci­

dents 44 percent at 13 l~tersections In

Berkeley, and 52 percent at 30 Seattle In­

tersections. Ha also found that when YIELD

control was used on the cross-street ap-
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proaches of n~ne Intersections of a through

street, the accidents decreased 46 percent,

while ADT Increased 23 percent. Inwood, et

al. (13) obserlled that there was little

change In accident experience when STOP

signs were replaced with YIELD signs.

Accident Severity and Cost

Severa I sources' have shown that seller I ty

of accidents. Is closely tied to speed (J.!,
..!2.). So I omon (~) a I so po i nts out that

speed differential Is a most prominent fac­

tor. . Since' the pr Imary type, of low vo I ume

Intersection accident that '11111 be Influ­

enced by type of, contro I 'II I I I be the right

angle accident, the speed differential '11111

be very near I y the appr~ach speed of the'

major roadway. It Is possible then that

selierIty of accidents at 10'11.'1101 ume Inter­

sections may be substantially hl,gher than

that of low lIolume roadways In general.

Burke (16) showed that accident costs were

directly related to s~lIerlty. He reported

that the hi ghest acc I dent rates occurred at

ADT I elle I s above 400 for a I I types' of ace 1­

dents (fata I, I nj ury, property damage).

Among the most accepted esti mates of acc 1- '

dent costs· are those recommended by the

National Safety Council <...!2.): fatal

$113,500, injury, :-$6,200,. and property

damage only'- $570.

Driver Behavior

Dr I ver behall i or re I at i lie to Intersect i on

type and the effect of lIarlous signIng tech-'

n Iques have been Investigated by se lI,era I re­

searchers. Numerous studies of driver com­

p I I an ce with STOP contro I, hailS been con­

ducted s I nee 1931. A summary 'of the resu I ts

of 'these studies Is presented In Table 9.

'Slnce not al I researchers used the same

methodo logy In compar I ng forced stops and

vo I untary stops, the two halle been lumped

together. The vo I untary stop· rate must a1­

ways be equal to or lower than the total



Table 7. Dependent Var·iables Considered in Previous Research

Dependent Research Study

Variable ~Wa Iton (9) Bandyopadhyay ( 10) Ha I I CI I i Leisch (8)- -

Accident Theoretical Statistical Theoretical Accidents
Frequency estimates transformation estimates per MEV

Acc i dent Theoretical Pr imary PDO; not Theoretical --
Severity estimates considered further estimates

,

Conflicts Used "probabi'l i ty -- Used "probabi- --
of confl ict" to (I ty of con-
estimate accidents f I icts" to esti-

mate accidents

Delay -- -- Compared actual Did not
and theoretical account for
travel time natural

slowing

Travel -- Primary dependent variabl~ Used to estimate Used to
Time compared for different delay estimate

control types del ay

,

Fuel -- -- Only operating --
"Consumption. cost considered

Exhaust -- -- Found no si:;Jni- --
Emissions ficant impacts

Sign Cost Cons idered in -- -- --
economic analysis

Violations -- Showed effect on travel -- --
time

Total
Operating Vehicle only; -- --

Cost no delay
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Table 8. Independent Variables Considered In Previous Research

Research Study
Independent
Variable Walton (9) Bandyopadhyay (10) Ha I I (II) Leisch (8)-

ADT Up to 400 vpd each -- I n gu Ide lin as Not
roadway only restricted to

low vol ume
ADT ratio Ratio of I: I pro- -- No signif.i-

duces highest theo- cant rela-
retlcal conf I let ships

Hour I,y -- Control led variable Simulated for Significant
,.

Volume major volume up effect on
to 50 Vph delay

Approach Used to est Imate Controlled variable Unstated Significant
Speed accident sever Ity effect· on

deiay and
accidents

Turning -- Significant effect on -- Sign If icant
Movements travel time effect of

Ieft turn on
delay

Geometry -- Mostly 4-leg; .3-: Ieg tor -- Only 4-leg
No Control studied

Sight -- -- -- Used sate
Distance approach

soeed
Region -- -- -- Significant

effect on
de Iay and
accidents

Location Ostensibly rural -- -- Urban only

Control STOP/No Control STOP/YIELD/No Control STOP /Y I ELD/No STOP/Y I ELD
Type Control
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TABLE 9. Summary.o~ Previous Research on Driver Behavior at STOP Signs

Morrison fisher EI lot Hanson Leisch Beaubien Dyar
Cateqory (1931 ) ( 1935) ( 1935) ( 1960) ( 1963) (1976 ) ( 1977)

Fu I 1 Stops 47% 45% 38% 20% 17% 22% 12% .

PaFtlal Violation 42% 34% 42% 69% 69% 48% 60%
(Roll ing Stop)

Full Violation 11% 21% 20% 11% 14% 30% 28%
(No Stop)

Source: Ref. (23)
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rate shown in the table. Therefore, the ap­

parent steady decl ine in voluntary stop rate

indicates that the liberal use of STOP signs

has produced increasingly significant dis­

respect.

Traffic Characteristics

Walton (~), Hal'l (...!..!..), and Glennon (1..),

all based signlng criteria in part on corn­

bined ADT. The usefulness of a measure such

as combined ADT is cast somewhat into doubt

by a Ca I i forn I a study (~) that showed no

direct relation between accident rates and

the sum of entering volume. That study

showed that accident rates were much more

sen sit I ve to mi nor road vo I ume changes than

to major road volumes. It should be pointed

out that the conclusions of the Cal ifornia

study may not be valid for low volume inter­

sections because the volumes considered were

very high and the locations were on divIded

highways.

Intersection Geometry

I n, a Ca I i forn i a study of 660 i ntersec­

tions, Marks (~) reported that uncontrolled

four-leg intersections exhibited 14 times

the accident frequency of uncontrolled

three-legs in I imlted access subdivisions

and 41 times that of 3-legs in gridiron sub-

divisions. A Minnesota study (lQ.) showed'

that the geometr I c advantage of the 3-1 eg

Intersection \filth respect to accident rate

was more pronounced at high volume loca­

tions.

Four-leg intersections \fIere found to ex­

per I ence four times the acci dent frequency

of T- and Y-types in a study on Indiana

coun ty roads (l.!..). A deta II ed study of

ho-lane rural roads by Ra.ff (22) sho\fled

that 3-leg Intersections had lower accident

rates than 4-leg.
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PR EL I r~ I NARY CR ITER I A

The criteria development process identi­

f i ed a II the vari ab I es that shou I d be con­

sidered for inclusion in the criteria.

These variables included not only those

specifically studied in previous research

but. a I so any var i ab Ie that may have shown

some tendency to affect intersection opera­

tion. Table 10 shows the variables that

formed the preliminary criteria~

Dependent Variables

The cand i date dependent var I ab I es stud i ed

are grouped according to the assessment that

can be made from constituent variables.

Driver behavior variables can provide an in­

dication of the operating characteristics

associated with 1] given set of independ,ent

variables. Accident experience indicates

the effect of the Independent variables on

the relative level of hazard. Travel time

variables form the primary means of assess­

ing delay costs.

Forced stops are prlmari Iy related to

major volume, in that they include only

those stops resu I t I ng from inadequate gaps

In the major roadway stream. Voluntary

stops, slow entries and fast entries to­

gether provide an Indication of the drivers'

percept i on of the appropr i ate maneuver as

wei I as their respect for the control device

(prlmar i Iy STOP signs). High canf Ilct rates

may give an Indication of potential hazard.

Accidents per Intersection is the most

common form of express I ng acc I dent exper i­

ence. Since total accidents are likely to

be low, and therefore, acc i dent rate poten­

tlally inconclusive, percent of Intersec­

tions experiencing accidents may be more

meaningful. The latter varIable permits the

pooling of all intersections with simi lar

characteristics to provide a larger and more

stable accident sample size for evalua­

tions.



Table 10. Candidate Variables Studied

Dependent Variables

Driver Behavior
Forced Stops
Voluntary Stops
S low Entr Ies
Fast Entries
Conf II cts

Independent Variables

Control Type
Intersection Type
Region
Location
Major Road Volume
Minor Road Volume
Approach Speed
Sight Distance

Accident Experience
Accidents Per Intersection
Intersections 'with Accidents
Severity

Travel Time
3-Leg Intersections
4-Leg Intersections
Turning Movements
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Differences in travel time between control

types provides a basis for estimating rela­

tive operating costs. Travel time for 3-leg

and 4-1 eg intersect ions are separated be­

cause the latter inc I udes a through move­

ment. The effects of geometry on travel

time can be analyzed by comparing the turn­

ing movement travel time for both 3-leg and

4-leg intersections.

Independent Variables

Virtually all variables Identified in pre­

vious research are included.

The control led variables include:

• Contro I type (STOP, YIELD, No Contro I, )

• Intersection type (3-Ieg, 4-leg),

• Region (Northeast, South, West), and

• Location (Urban/Rural).

The remaining variables are measured on

site. Due to the many possible combinations

of sight distance and approach speed, a

si-ngle measure of this complex interaction

is used. A quadrant sight distance ratio

patterned closely after that of Lavette, et

al. '1!), is used as the composite variable.

Though used originally for assessing the

need for control at grade- crossings, the

quadrant sight distance ratio is a valid

concept for low volume intersections. This
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value is the ratio of the quadrant sight

distance available over the quadrant sight

distance des I rab I e based upon AASHTO sight

triangle criteria for intersections. This

ratio produces a dimensionless indicator of

the relative sight distance afforded at an

Intersection (Figure I). The combination of

the quadrant sight distance ratio of both

quadrants on each approach produces an ap­

proach sight distance ratio.

NEEDED QUANTIFICATION OF VARIABLES

The fol lowing describes those variables

that require further quantification. All

validations were made within the appropriate

framework of contro I type, intersect i on

type, region and location.

• Major Roadway Volume - Representative

volumes were -sought without upper

bounds. The bulk of the major volumes

are below 4,000 vpd, with the remainder

(about 20%) extending up to 13,000 vehi­

cles per day.

• Minor Roadway Volume - Volumes up to 500

vpd were analyzed.

• Approach Speed - Approach speeds from 20
to 60 mph (32 to 96 km/h) were con­

sidered,as preliminary speed sampl ing

had shown to be typical.

• Sight Distance - All levels of - sight

distance were considered.



i

QSDRMAX = 1.0

Approach Sight Distance Ratio (ASDR) = QSDR
1

+ QSDR
2

ASDRMAX = 1.0 + 1.0 = 2.0

BDES and AREQ based on AASHTO recommended

criteria (Ref. 7, p. 394)

Quadrant Sight Distance Ratio (QSDR) = BAVAIL

. BDES
Minor
RoadltJay

AREQ

I ,BDES " .1 Major
.... BAVAIL ~ RoadltJay

VB 01 \ I Vehicle B
~

N.....

Figure 1. 'DescriptionOf l!uadrant' Sight Distance Ratio.



CHAPTER 3: FIELD VALIDATION

EXPERIMENTAL PLAN

There were two phases involved in' the ex­

perimental plan for validation of the traf­

fic parameters used TO establish the level

of control for low volume Intersections.

The first phase (screening study) utilrzed

historical records to investigate several

different level sof control type, major road

volume (vpd) and minor road volume (vpd).

SCREENING STUDIES

Accident experience at low volume inter­

sections was examined and the data cast into

a 5 x 5 matr I x of major vo I ume and mi nor

vO I ume ranges by conTro I type. A row-by-row

and column-by-column analysis was made to

determine where there were significant dif­

ferences in accident rate. These changes or

"breakpoints" identified those conditions

under which a change in control Type could

potentially be made. The final determina­

tion of whether such conditions permit a re­

duction in level of control was dependent on

whether there was a significant difference

. in accident rate between The Two· control

types.

In i t i a I I y, the study was to proceed byac­

cumulating accident data from the intersec­

tions located in Texas. While this effort

wa s underway. two oTher states were to be

located that could provide similar informa­

tion. After several months It became ap­

parent that the type of I nformat I on needed

wa s diff i cu IT to 'obta in.

Problems EncounTered

Two primary difficulties arose in collect­

i ng the screen i ng sTudy data:--I ack of ade­

quaTe control type and vol ume records for

low vo I ume intersect ions, and scarc I ty of

YIELD and No Control sites. Few agencies

routinely maIntain traffic volume records
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for low volume intersections. Therefore.

local traffic engineers', guidance was

norma I IY used for sel ect i ng sites that were

almost assuredly low volume. Control device

inventories were more readily available, but

often somewhaT inaccurate and without

information on No ConTrol locations.

On-site InspecTion of the suspected low

volume Intersections was performed to

Identify control type.

In addition to the lack of usable record

systems there was an' ev i denT rei uctance to

use a lower form of contro I. On most state'

sysTems the preferred conTro I was the STOP'

sign, regardless of volume. YIELD control

appeared to be' reserved for use on ramps and

some turning roadways.

YIELD and No Contro I were more common In

urban areas. It appeared that, with the

high concentration of STOP signs in urban

areas, traffic engineers were seeking some

alternative when a stop was not always

necessary.

YIELD and No Control intersections occur

primarily in abouT five cel Is In The 25-cel I

matrix. No Control was found at the inter­

sections of local streets. In urban areas,

traffic engineers were seeking some alter­

native when a stop was not always

necessary.

YIELD and No Control intersections occur

prlmari Iy In about five cells In the 25-cell

matrix. No Control was found aT the Inter­

sections of local streets. In urban areas

YIELD contra I was found most often at the

Intersections of a local street and a col­

lector street.

Screening Study Findings

As a resu I t of the d iff i cu I ties encoun­

tered in obtaining information, it was mutu-



ally agreed (by FHWA and TTl) to rrodify the

screen I ng study approach. The major I ty of

the effort was concentrated on collecting

ap propr I ate data from Intersect ions in

Texas. This effort inc,luded a manual search

of accic:lent files, visual, Inspection of in­

tersections to ascertain control type and) In

some cases/measuring daily traffic volumes.

In this manner data from rrore than two thou­

sand intersections were collected and

ana I yzed. The find I ngs based on Texas data

suggested that, when ·analyzed by control

type, a'ccldent exper'ience appeared to be In­

dependent of major road volume. When minor

road 'volume was considered, accident experi­

ence i across control types appeared to be

slmll:ar. There was an Increase In accident

experience around 300 vpd that conti nued to

500 vpd.

Additional analyses indicated that the

lowest accident experience occurred in minor

road volume cel Is below 250 vpd. The acci­

dent f I g~res were sti II further reduced by

I'"estrlctlngthe major road vol ume to 1500

vpd Habl·e 11).

Although these findings were of Interest,

t hey had to be tempered 1'1 i th severa I con­

slder.ations. The problem of identifying

urban YIELD-controlled Intersections in

higher '10 I ume ranges and find i ng rura I un­

contro I led . and YIELD' Intersect ions con­

strained the analyses and restricted the

conclusions. There was also a question of

accuracy.·of . '10 I ume measurements" part I cu I ar I y

on the 101 nor road counts. The th I rd con-

,s I decat i,on .1 s. the poss I b II ty of an undocu­

mented change of contro I type wh I ch cou I d

present a distorted accident picture.

Because of these data limitations, no de­

fin I te '10 I ume cr Iter i on was Imposed for the

on-site field studies. The minor road upper

bound remained at 500 vpd,wlth no restric­

tions placed on the major road.

The low accident experience observed over­

a I I I n the Texas data suggested that the
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oconom i cs of safety factors wou I.d not con­

stitute a driving function in signing war­

rant criteria. Consequently, the on-site

fie I d stud i es concentrated on other aspects

of traffic behavior.

ON-SITE FIELD STUDIES

Fie I d invest i gat ions were conducted in

Texas, Florida, and New York. These states

were chosen because they are geograph I ca II y

representat ive of the western,' southeastern

and northeastern sections, of the country.

Further, the traffic, roadway and .. :accldent

records maintained by these states are among

the most complete of all the states sur­

veyed. A list of the counties and. cIties i~

'which studies were conducted' is given in

Table 12.

The field study of the nine countie's and

two urban areas In Texas was' conducted in

November 1979. Ten intersect i.ons ;i n each of

the six location/control categories were

surveyed.

The F lor i da stud i es (one county and two

cities) were conducted irt January 1980. No

rura I YIELD or rura I No Contro I were found

I n the Iocat ions surveyed. The number of

intersect i on s stud I ed I n each rema In 1 ng

group were: urban STOP - 8, urban YI ELD ­

16, urban No Control - 8, and rural STOP ­

8. The only other .signiflcant problem en­

countered was the extreme I y low '10 I umes ob­

served at the rural STOP locations. These

sma I I salOp Ie sizes tended to magn I f Y the

problems of data interpretation.

The New York studies were conducted in May

1980. Forty Intersections (eight each at

rura I STOP, rura I YIELD, rura I No Contro I,

and urban No Control, and four each at urban

STOP and urban YIELD) were examined in three

counties and ,one cITy.

Field Site Selection

As mentioned previously, IndivIdual Inter-



Major Vo Iume

TABLE 11. Accident Experience by Control Type and
Major and Minor Road Volumes for Texas

Intersections.

Rura I STOP
. Minor Vo Iume

o - 225 226 - 500

LEGEND:

00

Maj or Vo 1ume

0-1500-

150 I -

4500

o - 1500

1501 ­
4500

104 138 242
7 6.73 33 23.91 40 16.53
7 .0673 50 .3623 57 .2355

233 273 506
26 11.16 64 23.44 90 17.79
29 .1245 III .4066 140 .2768

337 . 411 748
33 9.79 97 23.60 130 17.38
36 .1068 161 .3917 197 . .2634

Rural No Control
Minor Volume

o - 225 226 - 500

140 6 146
5 3.57 0 0 5 3042
5 .0357 0 0 5 .0342
5 - 5
0 0 - 0 0
0 0 - 0 0

145 6 151
5 3.45 0 0 5 3.31
5 .0345 0 0 5 .0331
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I I" 12

21 22

00 - Number of Inter­
sections

I I - Number of Inter­
sections having
at least one
accident In 3
years •

.21 - Number of acci­
dents In 3 yrs.

12 - Percent (%l of
intersections
having accidents
In three years.

22 - Average accidents
per intersection.



TABLE 11. (Continuedl
Accident Experience by Control Type and
Major and Minor Road Volumes for Texas

Intersections

Urban STOP
Minor Volume

o - 225 226 - 500
Major Volume

LEGEND:

00

I I 12

00 - Number of Inter­
·seCti?nS

o - 1500

1501 ­
4500

88 63 151
12 13.64 16 25.39 28 18.54
16 .1818 25 .3968 41 .2715

122 128 25,0
28 22.95 44 34.38 72 28.80
40 .3279 90 .7031 130 .520

210 191 401
40 19.05 60 31.41 100 24.94
56 .2667 115 .6021 17 I .4264

21 22

Major Volume

'Urban YIELD
Minor Volume

o - 225 226 - 500

o - 1500

1501 -
4500

III 126 237
18 16.22 26 20.63 44 18.56
22 .1982 32 .2539 54 .2278
7 29 36
0 0 3 10.34 3 17.79
0 0 3 .1034 3 .0833

118 155 273
18 15.25 29 18.71 47 17.22
22 .1864 35 .2258 57 .2088

I I - Number of Inter­
sections having
at least one
accIdent in 3
years.

21 - Number of acci­
dents In 3 yrs.

12 - Percent (%l of
intersections
hav i ng acc i dent s
In three years.

22 ~ Average accidents
per intersection.

Urban No Control
MInor Vo Iume

o - 225 226 - 500
Major Volume

o - 1500

150 I -
4500

308 55 363
10 3.25 7 12.73 17 4.68
10 .0325 9 • 1636 19 .0523

69 15 84
12 17.39 3 20.0 15 17.86
19 .2754 6 0.40 25 .2976
377 70 {47

22 5.84 10 14.28 32 7.16
29 .0769 15 .2143 44 .0984

25



Table 12. Field'Study Sites

Texas

Florida

New York

Urban (Cities)

Bryan/Col lege Station
San Antonio

Orlando
Tampa

Albany
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Rura I (Count i es)

Bell
Brazos
Burleson
Leon
~1cLennon

t-1ad i son
r,1i lam

t~ont9oJ:lery

Walker

Hi Iisborough

Albany
Rensselear
Schenectady



section se.lection was based· on -minor- road

volume and- control type. Prior to the dis­

pensing of a crew to collect intersectLon

data, a senior project staff member investi­

gated each of the proposed si tes to eva luate

its suitability. Individual field crew

supervisors had the authority to reject any

previously approved intersection if for some

reason I t no longer met the necessary cr i­

teria (e.3., recent change in control type,

volume on minor road too low to obtain a

reasonable sample, etc.).

Data Collection Procedure

Field data collection began with the mea­

surement of the sight distance aval labl~

a long each approach and quadrant accord i ng

to current AASHTO sight distance criteria.

Next, approach speeds were recorded at the

limit of the radar equipment pulse range for

a I I approaches. These speeds '1ere used to

calculate the desirable sight distances for

each quadrant. The ratio between the two

sight distances then served as the compara­

tive measure.

Operational cost for an Intersection of

designated volume and control type was veri­

fied by the measurement of travel times.

This travel time measurement was the time

required to travel from 150 feet (45 m) up­

stream of the intersection on the entering

minor leg to 150 feet (45 m) beyond the in­

tersection on a departing leg (major or

minor). Intersection geometry (affecting

proportion of turns), as well as control

type, could fnfluence delay. Therefore,

turning movements were noted.

Based upon the number of sites and volume

ranges to be studied, a maximum of four

hours study time,or one hundred vehicles on

the low volume approach,was establ ished for

field study guidelines. Radar equipment was

used on I y to measure approach speed at the

maximum range of the radar. Therefore, no

veh I c I e operator wou I d see the equ i pment,

thereby biasing the results.
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Field Study Analysis Variables-

Following Is-a description of the perti­

nent variables considered in the field val i­

dation.

Dependent Variables

1. Driver Behavior

a) Forced Stop (FS) - vehicle on minor

approach forced to stop because of

vehicle approaching on major road­

way.

b) Voluntary Stop (VS)* - vehicle on

minor approach stops in absence of

oncoming traffic.

c) Slow Entry (SE)* - slowing or "roll­

i ng stop," speed less than 5 mph

(8 km/h) for vehicle on minor ap­

proach leg.

d) Fast Entry (FE)* - vehicle on minor

approach leg enters the Intersect i on

at speed greater than 5 mph

(8 km/h).

e) Conflict (CF) - vehicle entering the

intersection from minor approach

causes veh i c 1e on major approach to

decelerate, apply brakes or swerve.

*Note that b, c, and d are measures taken In

the absence of oncoming major road traffic.

- 2. -Accident Experience

a) Average number of accidents per In­

tersection In a three year period.

b) Intersections with accidents In a

three year period.

3. Travel Time

a) I~ean trave I time for 3-1 eg I ntersec""

tions.

b) f1ean trave I time for 4-1 eg Intersec­

t ion s.

c) Mean travel time for turning move­

ments (3- and 4-leg intersectons).

Independent Variables

1. Region - Texas, Florida or New York



\~here necessary for clarl fication of dif­
ferences found, the fol'lowing variable was
used:

2. Location - Rural or Urban
3. Geometry - 3- or 4-leg
4. Signing - STOP, YIELD or No Control.
5. ~~aj or Roadway Yo I urne - grouped In 1000

vpd increments. This variable was not
used in the analysis of Voluntary Stop,
Slow Entry and Fast Entry because those
measures are Independent of volume.

28

6., Sight Distance - The ratio of
tance avai lable to that
(AASHTO) •

sight dis­
required



CHAPTER 4: FIELD DATA ANALYSIS

INTRODUCTION

The data collection constraints and the

low acc i dent' exper I,ence prompted representa­

tives of FHWA and TTl to'revise the experi­

mental plan. Instead of using accidents to

define volume "breakpoints" and to identify

specific Intersections for subsequent de­

tal led study, Intersections were selected

with a single volume criterion, I.e•• less

than 500 vpd on the minor approach. This

volume Is analogous to the low volume road­

way definition generally accepted by the

traffic engineering profession. AccIdent

exper I ence then was used as another depen­

dent measure rather than as a screening

variable.

The overall objectives, of the project re­

mained the same: to develop and val idate

cr I ter I a for the use of two-way STOP s I 9ns,

YIELD signs, or No Control at low volume In­

tersections. In order to satisfy these ob­

ject I ves, data were co I I ected to answer the

foll'ow,'ng q'uestions:

Primary

I. Are there signifIcant differences In

operat I ona I OOhav I or among STOP, YIELD

and No Contro I low vo I ume I ntersec­

tlons1

Ancillary

2. Are there operational dl~ferences at

low volume Intersections located In

different 'geograph I c reg Ions?

3. Are there opera t i on a I d I f ferences 00­

t,,:een ur ban a~d rura I low vol ume I nter­

sections?

4. Are there operational differences be­

tween Intersections of dl fferent geo­

metrics (3-leg/4-leg)?
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5. Are there operational di fferences 'that

can be explained by consideration of

major road volume?

Addressing these questions would al low de­

termination of the operational characteris­

tics of low volume" intersections whiCh, In

turnJwould allow decisions to be made about

criteria for signing these Intersections.

Procedures

The primary method of analysi's was analy­

sis of variance CANOVA~whlch was taken from

the Statistical' Analysis System, VersIon

79.3 CSAS793) produced by SAS Institute,
. ,

I nco The procedure amp loyed was a genera I

linear model (GU·Il/whlch is a multiple re­

gression approach to ANOVA. This approach

I s used because I t can hand Ie the case of

unequal cell frequencies without violating

the ANOVA assumption of Independence of

variables. This is accomplished by adjust­

ing the proportion of variance attributed to

a factor for the corre I at I on of the factor

with ali other factors In the design. How­

ever, this approach does Introduce a problem

wIth this data. Higher order Interactions

(th~ee-way and above) req u1re the man I pu I a­

t Ion of ce I I s that may not have had data

collected for them. For this reason, all of

these interactions have been lumped together

and tested as Higher Interactions. In

genera I, th is does not af fect the tests of

the main effects or the two-way Interac­

tions. However, two difficulties were en­

countered. First, for the independent vari­

able of major road volume, the use of six

I eve I s (, ncrements of 1000 v pd per Ieve I )

caused a breakdown of the GLM procedure be­

cause cif the large number of missIng cells.

To overcome this difficulty, two levels of

maj or road vo I ume were used (~2000 vpd and

> 2000 vpd). These volume ranges were

chosen based on exper 1ence ,w I th Texas acc 1­

dent data and with analysis attempts using



the original six levels. Where major road

volume was a primary factor, additional in­

formation Is presented for the original

volume levels.'

The second problem encountered was the ab­

sence of confl icts. Although scheduled as a

dependent variable, s.o few wer::e actually ob­

served that it was deleted fro~ the analysis

section. Conflict rates are presented for

general information in Tables 24, 25, and

26.

The following three sections are organized

around the three broad categories of depen­

dent variables (Driver Behavior, Accident

Exper i. ence and Trave I T I me). Each sect i on

descrlb.es the specific dependent variable,

the analysis procedure, the results, the

findings and presents comments on the data.

DR I VER BE:~AV I OR

General Comments

The hypothesis tested was that the driving

behavior at low volume intersections remains

the same regard I ess of the type of traff i c

control device, location, geometry, region

or major road volume., Since the primary

method of comparison was analysis of vari­

ance, frequencies of vehicles in each depen­

dent variable category were converted to

rates. The basis, for the computation of

rates for each variable is gIven in Its res­

pect i ve sect i on.,

For those Intersections where five or

fewer vehicles were observed, the rates com­

puted were probab Iy. spur i ous and nonrepre­

sentat i ve. I n most ana Iyses these rates

were averaged ill i th enough Intersect ions to

minimize their impact. However, In certain

cases, these spurious rates presented a

somewhat, distorted picture when the analysis

of variance was performed.
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Forced Stop Rate

1. Speciflc,Dependent Variable

Forced Stop Rate (FSR) - Number of ve­

hl!= Ies forced to stop d i v i ded by ,the

tota I number of veh Ic I es , (N) observed

9n the minor approaches.

FS
FSR

N

2. Analysis Procedures

Analysis of,Variance

Correlation/Regression

3., Resu I ts

The resu I ts of the ana I ys i sind I cate

significant differences amopg'Reglons

and between Major Vo I urne ranges When

cons i der i ng the dependent var I ab Ie of

Forced Stop Rate (Table 13). There

was also a significant interaction be­

tween Region and Location. The mean

rates for each level of these variables

are presented in Table 14.

4. Comments

These findings are not unexpected.

The number of veh I c I es forced to stop

at an 1ntersect I on I s dependent on the

volume on the major approach. This is

supported by the correlation of 0.51

that was observed between actua I major

,road vo I ume and FSR for a I I Intersec­

tions (Table 15). Although only two

volume ranges could be used In the

analysis, examination of major road

vo I ume by 1000 vpd grou ps prov i des ad­

d it i ona I ev I dence that as maj or road

volume increases, Forced Stop Rate in­

creases (Figure 2).



Table 13. ANOVA Using The Dependent Variable of Forced Stop Rate (FSR).

Source OF Sum of Squares F-Value PR>F

Region 2 .1266 3.23 .0431
Locat Ion 1 .0055 .28 .59
Control 2 .1118 2.86 .06
Geometry 1 .0078 0.40 .53
Maj or Vo Iume 1 .5152 26.31 .0001
Reg' x Loc 2 .1841 4.70 .0109
Reg x Cont 4 .1723 2.20 .07
Reg x Geo 2 .0117 0.30 .74
Reg x MVol 2 .0569 1.45 .24
Loc x Cont 2 .0023 0.06 .94
Loc x Geo 1 .0001 0.01 .93
Loc x MVol 1 .0006 0.03 .86
Cont x Geo 2 .0074 0.19 .83
Cont x MVol 2 .1046 2.67 .07
Geo x MVol ,1 .0143 0.73 .39

Model 26 1.3212 2.587
Error 113 2.2196
R2 0.3731
C.V. 75.5828
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Table 14. Significant Main Effects and Interactions:
~~ean Forced Stop Rate (FSR)

Region Mean FSR
New York .322 (40)*
Texas .138 (60)
Florida .117 (40)

Major Volume
< 2000 (vpd) .079 (91)
> 2000 (vpd)

-.
.382 (49)

Location Region Mean FSR
New York .419 (16)

Urban Texas .157 (0)
Florida .058 (32)

New York .257 (24)
Rural Texas .120 (0)

Florida .352 (8)

*Number of I ntersect I ons observed

Table 15. Distributon of All Intersections By Major Approach Volume and
Control Type.

Major Approach Predicted Freguency of Control Type
Volume (vpd) FSR* STOP YI ELD No Control

1,000 .146 22 31 25
2,000 .167 5 4 4
3,000 .188 7 5 2
4,000 .209 5 1 1
5,000 .230 3 1 1
6,000 .251 1 3
7,000 .272 1 1
8,000 .293
9,000 .314 2

10,000 .335
>10,000 2 3 7

*Based on a regression FSR 0.000021 (ADT) + .1249 with an r 0.51
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Regional differences observed in FSR can

also be attributed to major road volume.

The average major road vol ume at intersec­

tions studied in New York was 7500 vehicles

per day (vpd), for Texas 1427 vpd, and 492

vpd for Florida.

Urban intersections tend to have higher

major road volumes than rural (3245 vpd vs.

2455 vpd) which, ~hen combined~wlth regional

variations~ contributes to the different

rates found in the significant· interaction.

Voluntary Stop Rate

particularly In the urban area. It

shou I d a I so be noted that there is an

unexpectedly high rate in rural

Florida. This rate was in all likeli­

hood caused by a sampling artifact.

The raw data presented in Appendix A

shows that, at these intersections, a

low number of vehicles were observed,

caus 1ng the rates to be high and prob­

ab I y nonrepresentat I vee Th i s samp I I ng

and conversion artifact· occurs

throughout the analyses. In cases

other than rura I F I or i da data, its

effect was reduced by .observing IOClre

intersections.

I. Specific Oependent Variable

3. Results

2. Analysis Procedure

Analysis of Variance

Co.rre Iat ion/Regress 1on

Voluntary Stop Rate (VSR) - Number of

veh~~les which voluntarily stop divided

by the difference between the total

number of vehicles (N) and those forced

to stop by oncoming traffic (FS)~

Aside from these anomalies, the rate

of. vehicles voluntarily stopping at in-

·tersections· is low, usually less than

17%. Although significant difference

was ·found among regions .and locations,

there were no differences among the.two

other major independent variables.

However, there are st i I I f I uctuat ions

I n the vo Iuntary stopp i ng rates. For

examp Ie, the stop ping rates for· STOP­

controlled intersections were found to

be about 10% higher than Y I ELO· or No

Control intersections. This ·di fference

could be attributable to the Sign, to

sampling artifacts, or it could be due

in part to sight distance restric­

tions.

VS

N-FS
VSR

The results of the analysis of variance

indicate a significant difference among

Region and Location (urban/rural),using

VSR as a dependent measure. These were

also significant interactions between

Reg i on and Locat i on and Reg i on and Geo­

metry (Tab Ie 16). The mean rates for

these findings are presented in Table

17.

4. Comments

Examination of these means suggests a

very low VSR for the New York region,

It wou I d be expected that i ntersec­

t ion s with restr i cted sight distances

wou I d have greater vo I untary stopp i ng.

Further it could be expected that in­

tersections with sight distance re­

strictions would be IOClre I ikely to be

STOP-controlled.

The examination of the effects of sight

distance as an independent variable re­

quired the computation of sight dis­

tance (SO) ratios (measured SO avai 1­

able/SO required by AASHTO) for each

approach. Each quadrant was limited to
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TABLE 16. At'lJVA Using The Dependent Variable of· Voluntary Stop Rate

(VSR) •

Source· OF Sum of Squares F-Value PR>F

RegJ on 2 .5972 16.81 .0001

Locat I on 1 .3105 17 .48 .0001

Control 2 .0028 .08 .92

Geometry 1 .0163 .92 .33

Reg x Loc 2 .9152 25.76 .0001

Reg x Cont 4 .0939 1.32 .26

Reg x Geo 2 .1429 4.02 .0204

Loc x Cont 2 .0066 0.19 .82

Loc x Geo 1 .0180 1.02 .31

Cont x Geo 2 .0728 2.05 .13

Model 19 2.1762 6.44

Error 120 2.1315
R2 .505

C.V. 115.9371
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Table 17. Significant Main Effects and Interactions:

Mean Voluntary stop Rate (VSR)

Region Mean VSR

New York .026 (40)*

Texas .115 (60)

Florida .202 (40)

Location

Urban .100 (78)

Rural .132 (62)

Location Reg Ion Mean VSR

~Jew York .003 (16)

Urban Texas .158 (30)

Florida .094.(32)

New York .041 (24)

Rural Texas .072 (30)

Florida .634 (8)

Geometry Region

New York .024 (34)

3-Leg Texas .076 (43)

Florida .217 (24)

New York .035 (6)

4~Leg Texas ~214 ( 17)

Fiori da .180 ( 16)

*~Jumber of I ntersecti ons o~served
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a maximum ratio of 1.00 (i .e., sight

distance avai lable > sight distance re­

qui red) • The rat i os for the two quad­

rants on, each mi nor approach were com­

bined to produce the approach SO ratios

and 3-leg intersections would have only

one. The dependent variable of volun­

tary stop rate was used in a regression

analysis to determine if the relation­

ship was in the expected directlon , and

to determine the 'strength of the rela­

tionship. The results indicated very·

poor relationship between the two vari­

ables (r = -.126),

Further, a chi-squared test performed

oli the distributions of intersections

by control type and sight distance did

not support the suppos i t i on that STOP

signs are placed where available sight

distance was poor <Table'18).

Apparently, the fluctuation in VSR

for sign i ng is due to the effects of

the control type and, to some extent,

sampl ing error.

S low Entry Rate

I. SReci!ic, Dependent Variable

a significant main effect for Location

and a si gn if icant Interaction between

Region and Location (Table 19). The

mean rates are presented in Table 20.

4. Comments

These resu I ts are, to some extent, a

consequence of the sampl ing artifact

previously discussed and of the some­

10' hat subj ect i va nature of d i scr I mi nat­

Ing between slow and fast entering ve­
hicles.

Fast Entry Rate

I. Specific Dependent Variable

Fast Entry Rate (FER) - Vehicles en­

tering the intersection at greater than

5' mph (8 km/h) divided by ,the dif­

ference between the total number of ve­
hicl,es (N) and those forced to stop by

oncoming traffic (FS).,

FER

~. Arialysls Procedure

Slow Entry Rate (SER) - Vehicles en­

tering the Intersection at less than 5
mph (8 km/h) divided by the difference

between the total number of vehicles

(N) and those forced to stop by on­

coming traffic (FS).

SER
SE

N-FS

Analysis of Variance

3. Results

The analysis using this dependent

measure indicated a significant dif­

ference among Regions and a significant

i nteracti on 'between Reg i on and Locat ion

<Tab Ie 21). The mean rates for these

variables are given in Table 22.,

2. Analysis Procedure

Analysis of Variance

3. Results

The results of the analysis Indicate
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4. Comments

Fast entry rates are based on the re­

mainder of vehicles that did not vol un-



TABLE 18. Chi-Squared Test of Frequency of Approaches by Control
Type and Sight Distance for AASHTO Case II Sight Distance.

Control
Type 0 - .5 .51 - 1.0 1.0 I - 1.5 1.5\ +

STOP 18 26 16 9 69

X 20bs = 6.902
YIELD 7 27 17 " 62

X 2.95 = 12.59

No Control II 14 16 7 48

36 67 49 27 179
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TABLE 19~·'.ANOVA Using The OependentVar-iable of Slow Entry Rate (SER).

~ .,' '

Source OF Sum of Squares F-Value PR>F---
Region. 2 .1370 1.84 . ~ 16

Locat,ion 1 .1581 4.24 .0415
Control 2 .0389 0.52 .• 59,

Geometry 1 .0646 1.74 .19
Reg x Loc 2 .2319 3.11 .0480-
Reg x Cont 4 .• 1752 1,18 ',32

Reg x Geo 2 ~0164 0.22 ~80

Loc x' Cont 2 .0771 1.04 .35 ' '

Loc x (',eo 1 ' .0008 0.02 .87
Cont x Geo 2 .0644 0.86 .42

Model 19 .9644 1.36
Error 120 4.4745

R2 .1773

C. V" = 25.9692

TABLE 20. Significant ~~aln. Effects an,d Interactions::

Mean Slow Entry Rate (SER)

.Location

Urban

Rural

Location

Urban

Rural

Mean SER

.776 (78)*

.720 (62)

Region Mean SER

New Yor"k .744 (16)

Texas .786 (30)

Florida .784 <32 )

New York, .751 (24)

Texas .759 (30)

Florida .482 (8)

*Number of intersections observed
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TABLE 21. ANOVA Using The Dependent Variable of Fast Entry Rate (FER).

Source DF Sum of Sguares F-Value PR>F

Region 2 .2641 5.59 .0048
Location 1 .0011 0.05 .82

Control 2 .0376 0.80 .45

Geometry 1 .0011 0.05 .82

Reg x Loc 2 .1937 4.10 .0189

RElg x Cont 4 .0624 0.66 .62
Reg x Geo 2 .0115 0.24 .78

Loc x Cont 2 .0648 1.37 .25

Loc x Geo 1 .0032 0.14 .71

Cont x Geo 2 rOO17 0.04 .96

Model 19 .6412 1.428

Error 120 2.8347
R2 = .1844

C.V. 106.1263

Table 22. Slgnlflc~nt MaIn Effects and Interactions:

Mean Fast Entry Rate (FER)

Mean FER

New York

Texlls

Florida

Location

Urban

Rural

New York

Texas

Florida

New York

Texas

Florida

.228 (40)*

.111 (60)

.111 (40)

.259 (16)

.054 (30)

.121 (32)

.207 (24)

.168 (30)

.070 (8)

*Number of Intersections observed
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tarlly stop or enter slowly.

Rates from all three of these varI­

ables reflect regional and rural and ur­

ban influence. In general, fewer ve­

hicles voluntari Iy stop in urban areas

(such as New York) but slightly more

enter intersections 'at. slower speeds.

However, a substant i a I port i on of these

vehicles not voluntar'ily stopping enter

intersections at higher speeds.

Summary

I n genera I, there af'e two character i st I cs

of driver behavior at, low volume intersec­

t ions worthy of note•. Those dependent mea­

sures that are subject to' Influence by vol­

ul7le of the major roadway are so influenced;

the remaining measures (th6se not influenced

by vol ume) vary regionally and by location.

The number of forced stops at intersec­

tions increase as the, volume on the major

road increases. Variations from this 1'ind­

I ng are probab I y a funct i,ol) of sma I I ce,l.1

sizes and/or a sampling or an analysis arti­

fact.

There are regional differences in measures

that are not di'rectly Influenced by volume.

~ew York experiences a lower rate of volun­

tary 'stopping behavior! whl Ie in Florida,

fewer drivers enter Intersections at greater

than 5 mph (8 km/h). Again, minor fluctua­

t Ions or differences among dependent mea­

sures are best understood by considering

sampl ing and data collection techniques.

Sight distance apparent I y does not contr i­

bute to the differences observed.

The significant differences found among

the independent variables are given In

Table 23 for each dependent variable.

Summary rates for dependent var i ab Ies are

presented for maj orl ndependent cl ass if i ca­

tions in Tables 24 through 25.
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ACC I DENT EXPER I ENCE

General Comments

The constraints imposed on using accident

information as a screening device for inter­

sect,ions did not negate, Its usefulness in

the 'ana'rysis of operation'al behav,ior. Al­

though' the overa I' acc i dent exper i ences of

low volume' intersections in ,Texas were con­

sidered to be few,: it was,necessary to in­

vest i gate acc I dents I n other states/ and by

other independent variable' classifications.

In this manner, an iritersectlon's accident

h I story served as a depend ent var i ab I e to

aid in answering the "research questions

needed to satisfy the objectives of the pro­

j ect.

The pr i mary method' of ana I ys i s used was

the previously des'crlbed analysis of vari­

ance procedure. However, si nce a large num­

ber of Intersections.had no accident experi­

ence In three years, there, was some ques­

tion as to the normal ity of t~e data. Con-

',sequent.1 y "non-parametr I c tests were used to

support the findings, of the primary analy­

sis. ~10st of the higher order interactions

,were de I eted from the ~na I ys i s to make the

tests conservative,and,' to reduce the prob­

abll ity of empty cells.

The ana I ys I s based on the two forms of

this dependent variable are discussed In the

fol lowing sections.

Accidents Per Intersection

1. Specific Dependent Variable

Average, Number of accidents per inter­

section in three years number of

acc i dents in three yBars/number of I n­

tersections observed.

2. Analysis Procedure

Analysis of Variance



TABLE 23. Summary of Significant Independent Varlaples
for Driver Behavior.

Independent
Variables

RegIon
Location
Control
Geometry
Major Road Volume
Reg x Loe
Reg x Cont
Reg x Geo
Reg x MVol
Loc x Cont
Loc x Geo
Loe x MVol
Cont x Geo
Cont x MVol
Geo x MVol

* p < .05

FSR
"""Xi"

X
X

Dependent
VSR

X
X

--**
X
X
X

Variables
SER

X

X
X

FER
X

x
X

** VSR, SER, FER not tested fo~ effects of Major Volume, as
Indicated by"--".
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Tab Ie 24. Dependent Va r iab Ie Rates. for STOP Contro I by
Region and Location

FSR VSR SER FER CFR*

New York .286 .056 .747 .210 .028
., .

Urban • 462 .024 .762 .262 .047 ,
Rura I .195 .067 .742 .192 .013

Texas .236 .210 .624 .166 .010

Urban .261 ' .215 .632' .• 153 .020'
Rura I .210 .205 .616 .178 .000

Florida .342 .240 .654 .115 .006

Urban .169 .061 .755 .184 .000
Rural .514 l418 .552 .045 .013

DistrJbutipn of yehicles
not forced to stop .186 .647 .167
Distribution of al I

vehicles .263 .737 .012

*CFR = Con tI i ct Rate

43



Table 25. Dependent Variable Rates for YIELD Control by
Region and Location.

FSR VSR SER FER CFR*

New York .380 .018 .649 .333 .041

Urban .464 .000 .700 .300 .020
Rura I .341 .025 .630 .346 .051

Texas .022 .060 .831 .110 .004

Urban .034 .119 .852 .029 .040
Rural .009 .000 .810 .190 .000

Florida .054 .142 .754 .104 .000

Urban • 054 .142 .754 .104 .000
Rura I ---- ---- ---- ---- ----

Distrlbuton ot vehicles
not forced to stop .082 .790 .128

Distribution of al I .099 .901
Vehicles .018

*CFR ~ Conflict Rate

Table 26. Dependent Variable Rate tor No Control by Region
and Locat i on

FSR VSR SER FER CFR~

New York .311 .022 . .770 .417 .039

Urban .390 .000 .750 .250 .046
Rural .231 .044 .789 .167 .031

Texas .119 .124 .808 .069 .026

Urban .187 .130 .845 .025 .016
Rural .051 ~ 117 .771 .112 .017

Florida .000 .067 .800 .133 .000

Urban .000 .067 .800 .133 .000
Rura I ---- ---- ---- ---- ----

Distribution of vehicles
not forced to stop .091 .795 .114
Distribution of al I

vehicles .187 .813 .021

* CFR Conti Ict Rate
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3. Results

The ANOVA results indicate a signIfi­
cant main effect of Major Volume and a
significant interaction between Major
Volume and Region (Table 27).

The mean rates for these variables
are given in Table 28.

4. Comments

The difference observed In average
three-year acc ident rates between the
two volume ,ranges can also be seen when
finer vblume, ranges are considered.
The graph in Figure 3 shows the break­
down of 'acc Ident rates at var i ous vo 1­
ume levels. Note that the 3-4000 and
4-5000 vpd levels have been combined
because of the, sma I I number of Inter­
sections studied from each group.

The significant interaction was due
in part to Texas intersections with
major road vo Iumes greater than 2000
vehicles per day. The accident rate In
this category does not follow the pat­
tern from the other two states.

Intersections With Accidents

I. Specific Dependent Variable

Number of intersections recording at
least one accident in three years.

2. Analysis Procedure

Chi-Squared Test

3. Results

Chi-squared tests performed on the
major independent variables indicate
significant differences among Control
types, and Geometry (Table 29) and
among Major Volume levels (Table 30).
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4. Comoonts

The number of STOP-contro I led inter­
sections having at least one accident
in three years is proportionally higher
than YIELD or Uncontrolled intersec­
tions. This difference could possibly
be due to a change in signing status as
'a resu It of acc ident exp'er Ience. How­
ever, none of the records available in­
d Icated such.

Intersect Ions with four Iegs have
operational characteristics that in­
crease the probability of conflict and
apparently the accident experience.

Significant differerices in accident
exper i ences were observed at the 2000
and 4000 vpd levels~ 'Figure 4:displays
the percentage of inter sect ions exper­
iencing accidents ~t various volume
levels. Once again, the 3001~5000 vpd
ranges are collapsed to compensate for
smal I cel I frequencies.

Summary

There is an indication, of significantly
different accident experience among sign
types, vol ume levels and between 3- and 4­
leg intersections. These differences were
observed using non-parametric tests which
may be more appropriate for this, type of
data. A summary of significant findings is
presented in Table 31.

A note of particular Interest is the In­
crease in accident experience above 2000 vpd
on the major road. This increase was signi­
ficant using analysis of variance and Chi­
Squared tests. Th Is Interesting trend may
indeed be a "breakpoint". Using the classi­
f Ication of intersections with and without
accidents and col lapsing across different
volume ranges, the tests indicate that in'­
tersectlons with major road volumes of 2000



TABLE 27. AI'¥JVA Using The Dependent Variable of Average Number of

Accidents Per Intersection I n Three Years.

Source OF Sum of Squares F Value PR>F

Regi on 2 3.0024 1.08 .34
Location 1 2.4148 1.74 .18
Control 2 .1839 .07 .93
Geometry 1 .3485 .25 .61
Major Volume 1 12.3779 8.91 .0035
Reg x Loc 2 1.6552 .60 .55
Reg x Cont 4 .7252 .13 .97
Reg x Geo 2 .1104 .04 .96
Reg x MVol 2 9.1769 3.30 .0403
Loc x Cont 2 5.0316 1.81 .16
Loc x Geo 1 .7948 .57 .45
Loc x MYoi 1 1.8512 1.33 .25
Cont x Geo 2 .4662 .17 .84

Cont x MVol 2 2.8805 1.04 .35
Geo x MYol 1 .1030 .07 .78

Model 26 41.1225 1.238

Error 113 156.9812
R2 = .2075

C.V. 317.2522
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Table 28. Significant Main Effects and Interactions:
Average Number of AccIdents Per Inter­
section In Three Years

Major Volume
~ 2000 (vpd)
> 2000 (vpd)

Major Volume

< 2000 (vpd)

> 2000 (vpd)

RegIon
New York
Texas
FlorIda

New York
Texas
Florida

Accident Rate
.142 (91) *
.795 (49)

Accident Rate
.100 (10)
.136 (44)

.162 (37)

1.00 (30)
.125 (16)
2.33 (3)

*Number of intersections observed
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Table 29. Non-Parametric Analysis: Intersections With At
Lease One Accident In Three Years.

I • Chi-Squared - Regi on x Accl dents

0 1+

New York 29 II 40
Florida 34 6 40 X20bs 3.59
Texas 52 8 60 X 2exp 5.99

I 15 25 140

2. Chi-Squared - Locati on x Accidents

0 1+

Urban 65 13 78 X20bs .170
Rural 50 12 62 X2exp 3.84

115 25 140

3. Chi-Squared - Control x Accidents

0 1+

STOP 33 15 48
YI ELD 40 8 48 X20bs 11.23*
No Contro I 42 2 44 X2exp 9.21

115 25 140

4. Chi-Squared - Geometry x Accidents

0 1+

3 - Leg 88 13 101 X20bs '= 4.98**
4 - Leg 27 12 39 X 2exp 3.84

115 25 140

*slgnlficant (p< .01 )
**signl ficant (p<.05)

O-Intersectlons without
an acc i dent in three
years
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TABLE 30.~n-Parametrlc Analysis: Intersections with
Accidents by Major Road Volume.

Major Road Vol ume Intersection Intersection
(VPD) Without With

Accidents Accidents

o - 1000 68 10 78

1001 - 2000 12 13
X20bs 11.0147

2001 - 3000 9 4 13
X2. 95 11.07

3001 - 4000 7 8

4001 - 5000 2 3 5

5001 + 17 6 23

115 25 140
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TABLE 30. Non-Parametric Analysis: Intersections with Accident by Major Road Volume
(Continued)

Exact Partition ofX 2

Intersection Intersection
Without With

Major Road Volume Accidents Accl dents

1. -0 - 1090 68 10 78

1001 - 2000 12 13

80 11 91

I
2. o - 20QO 80 11 91

2001 - 3000 9 4 13

89 15 104

X20bs 0.199777

.X2.953.841

X20bs = 2.706354
X2. 95 3.841
X2. 90 = 2.706
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Table 31. Summary of Significant Independent Variables for Accident Experience.

,I ndependent
Variables

Region
Location
Control
Geometry
Major Road Volume
Reg x Loc
Reg x Cont
Reg x Geo
Reg xMVol
Loc xCont
Loc x Geo
Loc x MVol
Cont x Geo

. Cont, x MVol.
Geo x MVol

* p < .05
**Not tested with Chi-squared tests.

Dependent
A~erage Number of

Accldonts Per
Intersection (In

3 Years)

x

X

53

Variables
Intersectons
\~ith At Least
One Acc ident
( 3 Years)

X*
X

X
--**



vpd or less had a lower proportion of Inter­

sections wIth accidents than those with

major road volumes above 2000 vpd. A signi­

ficant difference was also observed at the

4000 vpd level,whlch may. be another point of

interest ,although it is restricted somewhat

by samp I e size.

TRAVEL TIME

. General.Comments

Travel time as a dependent variable Is a

measure wh i ch can be used to assess opera­

tional differences among intersections of

different contro I types, or other character-

istics. It can also be .used as a means of·

determ I n 1ng certa in aspects of oper at Iona I

costs where differences are detected.

Travel times were collected for each type

of movement (left turn, right turn or thrul

for the minor approach leg of each intersec­

tion. Since 3-leg Intersections have no

thru movements, tota I travel time for each

geometry were analyzed separately. For the

purpose of assessing geometric differences,

total travel time for turning rrovements only

were analyzed with geometry as an indepen­

dont variable.

The analysis procedure used was Analysis

of Var i ance. Aga I n higher order i nterac­

tions were deleted to prevent the occurrence

of empty cells and to make the tests some­

what more conservative.

Mean Travel Time: 3-Leg

3. Results

The analysis of variance indicates

s i 9nl f i cant :na I n eff ects due to Contro l­

and f.1ajor Volume. There were also sig­

nificant interactions between Region

and Location and Location and Control

(Table 32). The mean travel times for

these variables are presented In Table

·33 •

4. Comments

YIELD-control led intersections have

shorter travel times than Intersections

observed with other control types.·

This reflects earlier indications of

lower overa I I stopp i ng rates (FSR p I us

VSRl of 17.3% for YIELD, 26.1% for No­

C.ontro I and 40.0% for STOP-contro I led

Intersections.

As with the variable of forced stop,

trave I t I me increases as the ',10 I ume on

the major road increases. The majority

of Intersections observed in the field

were 3-leg, al lowing an adequate sample

size to detect the trend.

The travel time at intersections be­

low 2000 vpd were sign I f I cant I y lower

than those of higher vol umes (figure

5) •

Mean Travel Time: 4-Leg

1. Specific Dependent Variable

I. Specific Dependent Variable

Mean traveltime for 3-leg Intersec­

tlons--combined travel time for left

and right turn movements for each In­

tersection.

2. Analysis Procedure

Analysis of Variance
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Mean travel time for 4-le9

t ions--combl ned travel time

turns, right turns and thru

for each Intersections.

2. Analysis Procedure

Analysis of Variance

intersec­

for Ieft

movements



Table 32. ANOVA Using The Dependent Variable of Mean Travel
Time for 3-Leg Intersections

Source OF Sum of Squares F-Value PR>F

Region 2 2.1947 .28 .75
Location 1 8.6311 2.19 ' .14
Control 2 75.4681 9.59 .0002
Major Vol,ume 1 25.6849 6.53 .0125
Reg x Loc 2 41.3969 5.26 .0071
Reg x Cont 4 33.6407 2.14 .08
Reg x MVel 2 15.5737 1.98 .14
Loc x Cont 2 50.6433 6.43 .0026
Loc x MVel 1 .9215 .25 .62
Cont x MVol 2 3.2390 .41 .66

Model 19 257.3939 3.44
, 'Error 81 318.7130

R2 .4467
C.V. ,14.00

Tabl e 33.

Control
STOP
YIELD
No Control

Significant Main Effects and Interactions:
Mean Travel Time, 3-Leg Intersections

Mean Travel Time
15.88 (27)
12.59 (34)
14.34 (40)

Major Vo I urne
< 2000 (vpd)
> 2000 (vpd)

Region
New York
Texas
Florida

Control
STOP
YIELD
Ne,Centrol

Mean Travel
Urban
14.46 (13)
14.85 (19)
13.23 (19)

14.73 (11)
13.54 (16)
14.29 (24)
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13.26 (60)
15.49 (41)

Time
Rural

15:"i"5<21 )
12.81 (24)
16.72 (5)

16.68 (16)
11.75 (1 8l
14.43 (16)
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3. Resu Its

The analysis .shows significant dlf­
ferences between locations and a signi~

ficant interaction between' region and
location (Table 34). The means for
these comparisons are given, in Table
35.

4. Comments'

Apparently the travel time at rural,
4-leg interections is greater than in
urban areas. This difference occurs in
every state al though New York's rura I
and urban .travel times are ver.y close,
which is understandable given that the
vo Iumes on the rura I roads stud i ed in
New York are as great as those found in
urban areas in other regions (Table
36) •

The relationship of major road volume
to travel time was not as strong as ob­
served with other dependent var i ab Ies/
which Is probably due to the low number
of observations in the lower volume
ranges. This sample size problem,ls
respons I b Ie for the zero sums of
squares In the A~~VA source table.

Mean Travel Time: Turning Movements

I. Specific Dependent Variable

Mean travel time for turn ing move­
ments--comblned travel time for left
and right turns for 3- and 4-leg Inter­
sections.
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2. Analysis Procedure

Analysis,of Variance

3. Results

The analysis indicates significant
differences among al I variables but
Geometry (Tab Ie 37). There were a Iso
significant interactions between Region
and Location, and Location and Control.
Mean rates for the main effects and in­
teractions, are shown in Table 38;

4. Comments

The combined data for 3- and 4-leg
intersections suggest that at' least
with respect to turning movements, tra­
vel time is shorter for YIELD-con­
trolled traffic, shorter, in urban
areas, and at lower major road volumes.
A plot of the turning movement travel
time by volume level is given in Figure
6.

Travel Time Summary

In general travel times are shorter for
YI ELD-controlled intersections and longer
for rural areas. The summary of significant
variables is presented in ~able 39.

In addition to these findings, a signifi­
cant effect of maj or road' va Iume was de­
tected. Travel' times for these intersec­
tions with major road volumes less than 2000
vpdhad significantly lower travel times by
an average of about 2 seconds.



TABLE 34. ANOVA Using The Dependent Variable of Average Number of
Mean Travel Time for 4-Leg Intersections.

Source

Reg ion
Location
Control
Major Volume
Reg x Loc
Reg x Cont
Reg x tWol
Loc x Cont
Loc x MVol
Cont x MVol

OF Sum of Squares F PR>F

2 17 .4681 2.17 .13
1 35.3555 8.79 .0067
2 2.1441 .27 .76
1 .1416 .04 .85, 32.0305 7.97 .0094
1 2.2312 .55 .46
2 7.2947 .91 .41
2 6.1891 1.54 .22

Model

Error

C.V. 13.4536

11

27

102.8548

108.6925

2.323

TABLE 35. Main Effects and Significant Interact Ions;
Mean Travel Time -- 4-Leg

Mean Travel TIme
(4-Leg)

TOTAL Urban 17.7 sec. ( 12)*
Rural 13.6 sec. (27)

Florida Urban 21.8 sec. (3)

Rural 12.1 sec. ( 13)

New York Urban 14.7 sec. (3)

Rural 14.4 sec. (3)

Texas Urban 17.2 sec. ( 16)
Rural 15.1 sec. ( II )

*Number of intersections observed.
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Table 36. Average Major Roadway Volume by Region
and Locat ion

New York
Florida
Texas

Urban

12,017
445

1,553

Rural

4,490
678

1,301

Table 37. ANOVA Using The Dependent Variable of Mean Turning Movement
Travel Time (3-Leg &4-Leg Intersections Combined)

Source

Reg ion
Location
Control
Geometry
Major Vol ume
Reg x Loc,
Reg x Cont
Reg x Geo'
Reg x MVol
Loc x Cont
Loc x Geo
Loe x MVol
Cont x Geo
Cont x MVol
Geo x MVol

DF

2
1

2
1

1

2
4

2

2

2
1

1

2
2

1

Sum of Squares

25.3813
49.2889
72.8320

9.7971
27.9866
82.7577
46.3915

.8316
16.85Ql
58.3982
11.6453 ,
8.7771
9.9464

10.5958
6.2299

F-Value

3.14
12.18
9.00
2.42
6.92

10.23
2.87

.10
2.08
7.22
2.88
2.17
1.23
1.31
1.54

PR>F

.0472

.0007

.0002

.12

.0097

.0001

.0264

.90

.12

.0011

.09

.14

.29

.27

.21

Model
Error
R2

C.V.
.489
13.99

26
113

437.7095
456.7017
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Table 38. Significant Main Effects and Interactions:
Mean Turning I~ovement Travel Time

Region
New York
Texas
Florida

Location
Rural
Urban

Control
STOP
VI ELD
No Control

Major Volume
~ 2000 vpd
> 2000 vpd

Location

Urban

Rural

Mean Travel Time
14.84 (40)*
14.34 (60)
13.95 (40)

14.88 (62)
13.97 (78)

15.82 (48)
12.73 (48)
14.57 (44 )

13.71 (91 )
15.59 (49)

Region
New York 14.45 ( 16)
T!3xas 14.97 (30)
Florida 12.79 <:32)

New York 15.10 (24)
Texas 13.70 (30)
Florida 18.62 (8 )

Control
Region STOP YIELD No Control

New York 15.31 (12) 14.93 (12) 14.43 (16)
Texas 16.06 (20) 12.02 (20) 14.93 (20)
Florida 15.92 (16) 11.99 (16) 13.95 (8)

Location
Urban 14.41 (22) 13.33 (30) 14.33 (26)
Rural 17 .02 (26) 11.75 ( 18) 14.91 ( 18)

*Number of Intersections observed.
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TABLE 39. Summary of Significant Independent Variables for Travel Time

Independent
Variables

Mean Travel
Time (4-Leg)

Dependent Variables
Mean Travel Mean Turning
Time (3-Leg) Movement Time

(3- & 4-Leg)

Region
Location
Control
Geometry
Major Volume
Reg x Loc
Reg x Sign
Reg x Geo
Reg x MVo I

Loc x 5 i gn
Loc x Gee
Loc )( MVol
Sign x Geo
Sign x MVol
Geo )( ~1Vol

* p < .05
** Not tested

x
X* X

X X

--**
X X

X X X
X

X
X
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CHAPTER 5: EXPECTED BENEFITS AND COSTS

I NTRODUCT ION

Several indirect measures of operation and

safety wer~ computed from the driver be­

havior, accident experience, and travel time

data collected in the field studies. The

purpose of. the ind i rect measures was . to· con­

vert operational measures into a common base

for economic -comparison where possible. The

measures considered were: road user operat­

ing costs, accident costs, .highway agency

costs, and fuel consumption. The benefits

computed are app I I cab Ieto vah i c I es on the

minor approaches only. No significant bene­

fits or costs are expected to accrue for the

major roadway, since no changes in driver

hehavior are expected.

ROAD USER OPERATING COSTS

The costs absorbed directly by the road

user are vehicle operating costs and time

costs.

Vehicle Operating Costs

Excess operat i ng costs over cont i nu i ng at

a constant speed were computed from running

cost tables developed by Winfrey (12) and

updated to 19BO costs by Ritch and Buffing­

ton (26). To account for variations in dri­

ver behavior and initial approach speed,

costs were computed on a component bas I s

across these two variables (Tables 40 and

41) •

Driving behavior included all three volun­

tary behaviors. Slow entry (SE) was assumed

to require the driver to slow to 5 mph (8

km/h) instead of stopping. Similarly, fast

entries (FE) were assumed to enter the in­

tersect I on at 10 mph (16 km/h). As can be

seen in the tables, the distribution of dri­

vi ng behav i or rates var I es for each type of

contro I.

Initial approach speed has a significant

effect on operating costs. All· Intersec­

tions observed had a minor r·oadway approach

speed of 55 mph (BB km/h) or - less. Speeds

in the range of 25-45 mph (40-72 km/h) were

most common.

Vehicle operating costs are subdivided in­

to the two tab I es be sed on maj or roadway

volume ranges, because the distribution of

driving behavior ra:-es.changes significantly

at 2000 vpd (Chapter 4). Tab Ie 40 gives

operating cost in cents/vehicle/speed change

cycle for major roadway volume 2. 2000 vpd;

Table 41 provi des the salTle information· for

major volume> 2000 vehicles per day.

The composite values for each control type

differ little from each other. For example,

there is essentially no difference between

YIELD and No Control In Table 40, and ·only

.04 - .06 cents di fference between STOP and

YIELD (at low speeds the sav I ngs amount to

more than 4%) • .At·55 mph (BB km/h) YIELD

produces. only a 1% savings In operating

cost. Even this small savings, howe,ver,

produces a substantial absolute amount ~over

the service life of th~ d~vlce. Table 42

summarizes the average cost per speed

change cyc I e for maj or roadway vo I umes be low

and above 2000 vpd for each control type.

Road User Time Costs

De I ay costs were computed two d if ferent

ways. The first ~ay uti lized Winfrey's ex­

cess hours consumed in speed change cycles,

distributed across driver behavior rates and

approach speeds in a manner simi lar to that

used for vehicle operating costs. Tables 43

and 44 reflect the results· of these computa­

tions. A time value of $6.31/hour ~as used,

as recommended by Pinnell, et. al., (12..).

Average occupancy was assumed to be 1.3 per­

sons per vehicle.
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Table 40. Computation of Vehicle Operating Costs: Major Volume < 2000 vpd

11
Control Behavior Cost" In f/veh/cyc 1e-

Type Rates y
Initial Speed (mph)

20 25 30 35 40 45 " 50 55
Averaqe

STOP
VS = .262 .38 .53 .72 .94 1.21 1.53 1.93 2.41
SE = .584 .65 .99 1.40 1.89 2.49 3.21 4.09 5.15
FE = .154 .12 .21 .31 .44 .60 .79 1.02 1.30

1.15 1.73 2.43 3.27 4.30 5.53 7.04 8.86 4.29

YIELD
vS = .089 .13 .18 .24 .32 .41 .52 .66 .82
SE = .777 .87 1.32 1.86 2.52 3.31 4.28 5.44 6.85
FE = ~134 .10 .18 .27 .39 .52 .69 .89 '1.13

1.10 1.68 2.37 3.73 4.24 5.49 6.99 8.80 4.24

No Control
VS '= .082 .12 .17 .22 .29 .38 .48 .60 .76
SE = .820 .92 1.39 1.97 2.65 3.50 4.51 5.74 7.23
FE = .098 .08 .13 .20 .28 .38 .50 .65 .83

1.12 1.69 2.39 3.22 4.26 5.49 6.99 8.82 4.25

II
--Updated costs derived from report by Ritch and Buffington In Texas TransportatIon

Institute Research Report 210-5, May 1980.

y
To convert from miles per hour to kilometres per hour, multiply by 1.60934.
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Table 41. Computation of Vehicle Operating Costs: Major.Volume> 2000 vpd

1/
Control Behavior Cost in 1/veh/cyc Ie-

Type 'Rates 2/
Initial Speed (mph)

20 25 30 35 '40 45 50 , 55
!\veraqe

STOP
VS = .096 .14 .20 .26 .34 .44 .56 .70 .88
SE = .737 .82 1.25 1.77 2.39 3.14 4.06 5.16 6.50
FE = .167 .13 .23 .34 .48 .65 .86 1• 11 1.41

1.09 1.68 2.37 3.21 4.23 5.48 6.97 8.79 4.23

YI ELI)
VS = .029 .04 .06 .08 .10 .13 .17 .21 .27
SE = .776 .87 1.32 1.86 2.51 3.31 4.27 5.43 6.85
FE = .195 .1 5 .26 .40 .56 .76 1.00 , .29 1.64

1.06 1.64 2.34 3.17 4.20 5.44 6.93 8.76 4.19

No Control
VS = .044 .06 .09 .12 .16 .20 .26 .32 .41
5E = .809 ' .90 1.37 1.94 2.62 3.45 4.45 5.66 7.14
FE = .147 .11 .20 .30 .42 .57 .75 .97 1.24

1.07 1.66 2.36 3.20 4.22 5.46 6.95 8.79 4~21

..!!
Updated costs derived from report by Ritch and ,Buffi~gton 'in Texas Transportation
Institute Research Report 210-5, May 1980.

jj
To convert from rni les per hour to ki lometres per hour', multiply by 1.60934.

65



TABLE 42. Average Vehicle Operating Costs

CONTROL TYPE COST IN CENTS PER CYCLE
Malor Roadway Volume

1/ ]j
< 2000 vpd > 2000 vpd-

STOP 4.29 4.23

YIELD 4.24 4.19

No Control 4.25 4.21

J! From Table 40 2/ From Table 41

Table 43. Cornputatlon of Road User Delay Costs (Winfrey); Major Volume < 2000 vpd

1/
Control 'Behav Ior Cost in {/veh/cyc Ie-

Type Rates 2/
In Iti a I Speed (mph)

20 25 30 35 40 45 50 55
I\veraqe

STOP
VS = .262 .54 .64 .74 .85 .95 1.05 1.15 1.26
SE = .584 .78 1.01 1.25 1.48 1.72 1.94 2.17 2.40
FE = .154 .12 .18 .24 .30 .35 .41 .47 .53

1.44 1.83 2.23 2.63 3.02 3.40 3.79 4.19 2.82

YIELD
VS = .089 .18 .22 .25 .29 .32 .36 .39 .43
SE = .777 1.03 1.34 1.66 1.97 2.28 2.59 2.89 3.20
FE = .134 .10 .15 .21 .26 .31 .36 .41 .46

1.31 1.71 2.12 2.52 2.91 3.31 3.69 4.09 2.71

No Control
VS = .082 .17 .20 .23 .27 .30 .33 .36 .39
SE = .820 1.09 1.42 1.75 2.08 2.41 2.73 3.05 3.38
FE = .098 .07 .11 .15 .19 .23 .26 .30 .34

1.33 1.73 2.13 2.54 2.94 3.32 3.71 4.11 2.73

.J.!
Delay time based on Robley Winfrey, Economic Analysis for Highways, International
Textbook Co., Scranton, PA, 1969. Value of time based on Reference 27. Assumes
1.3 occupants/vehicle.

2/
To convert from mi les per hour to kilometres per hour, multiply by 1.60934.
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Table 44. Computation of Road User Delay Costs (Winfrey): Major Volume> 2000 vpd

1/ '
Control Behavior Cost In f/veh/cyc Ie-

Type Rates 11
InitIal Speed (mph)

20 25 30 35 40 45 50 55
veraqe

STOP
VS = .096 .20 .23 .27 .31 .35 .39 .42 . ~46
SE = .737 .98 1.28 1.57 1.87 2.16 2.45 2.74 3.03
FE = .167 .13 .19 .26 .32 .38 .45 .51 .58

1.31 1.70 2.10 2.50 2.89 3.29 3.67 4.07 2.69

"

YIELD
VS = .029 .06 .07 .08 .09 .1 I .12 .13 .14
SE = .776 1.03 ,1.34 1.66 1.97 2.28 2.58 2.89 3.20
FE = .195 .15 .22 .30 .37 .45 .52 .60 .67

1.24 1.63 2.04 2.43 2.84 3.22 3.62 4.01 2.63

No Control
VS = .044 .09 .1 1 .12 .14 .16 .18 .19 .21
SE = .809 1.08 1.40 1.73 2.05 2.38 2.69 3.01 3.33
FE = .147 .11 .17 .23 .28 .34 .40 .45 .51

1.28 1.68 2.08 2.47 2.88 3.27 3.65 4.05 2.67

.J!
Updated costs der Ived from report 'by Ritch and Buff Ington In Texas Transportat Ion
Institute Research Report 210-5, May 1980.

2/
To convert from miles per hour to kilometres per hour, multiply by 1.60934.
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Actual measured travel times from the

field studiei were used for the second meth­

od ,of delay computation. Table 45 shows

average, travel times and delay cost per

cycle for the two volume ranges considered.

The actual costs computed for each control

type I n Table 45 cannot be compared di recti y

with the costs in Tab I es ,43 and 44. The

costs} based on Wi nfrey' s data (Tabl es 43' and

44)Jare excess costs over a constant speed;

TTl's costs. are total time costs from 150

feet (45m) upstream to 150 feet (45m) down­

stream of the Intersection. However, the

di fference 'in cost between control types

should be comparable.

Table 46 compares the dl fferences., In delay

cost between contro I types for both methods

of computation. The TTl fl gures are sub­

stantially higher, ~ut probably more repre­

sentative' than' the figures based on Win­

frey's data. Winfr~yls data (averaged over

all initial speeds in Table 46) Includes no

time for looking .or waiting. Both could

normally be determined from idl ing time, but

since this variable was not measured di­

rectly, such a computat'ion was impossible.

Therefore, the time costs based on the field

studies In this' project (shown as TTl costs)

were used to compute total road user cost.

Composite Road User Operating Costs

Table 47 presents the total road user

costs summarized in Tables 42 and 46. The

increase in operating cost between the lower

and higher volume ranges Is approximately

5% for STOP, 5% for YIELD and 1% for No Con­

trol.

In both volume ranges/YIELD and I'b Control

offer savings over STOP control. Below 2000

vpd YIELD control represents an 8% decrease

and fib Control, a 1% decrease. Above 2000

vpd YIELD Is 8% lower than STOP and fib Con­

trol, 5% lower.
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ACC I DE NT COSTS

Since acc i dents were I ndependent of con­

trol type, it 'was not possible to ascribe

superior benefits to either STOP or YIELD

contro I. The "convent i ona I wisdom'" 0 f the

general public and of most agencies respon­

sible for traffic control maintains that

STOP is "safer" than YIELD. While there is

no evidence to that effect at low volume in­

tersections, an awareness of the public at­

titude dictates that STOP control should be

implemented at locations with signl flcant

accident history.

A determination of significant accident

history was made using the field data and

analyses of this project.' According, to a

Po i sson d i str I but i on of acc i dent freq'uency,

,an intersection wi I I experience two or fewer

accidents In three years (P< .Oll, regard­

less of control type. If. the expected sav-.

ings resulting from YIELD control exceed the

average cost of an acc i dent. then the war­

ranting accident criteria would be adjusted

to ,three accidents.

The we i ghted average cost of an acc I dent'

is $2300, based on the dlstribution'and cost

of injury aM property damage acddents.

[Injury accidents ($6200, Ref. 17) accounted

for 31% of all accidents; the remaining 69%

were property damage only at $570 each.1'

The expected annua I sav i ngs of YIELD over

STOP per 100 minor road vehicles is about

$240 (Table 50). The expected three- year

savings approximately equals the expected

cost of one acc i dent when the minor road

volume exceeds 320 vehicles per day (3.20

veh lcles x $240/year x 3 years = $2300).

Therefore, at YIELD-controlled Intersec­

tions, one additional accident every three

years can be tolerated without adverse eco­

nomic Impact. More than three accidents

would dictate a change to STOP control con­

sistent with "conventional wisdom".



TABLE 45. Computation of Road User Delay Costs: Field Data.

~~aior Roadwav Volumes

< 2000 vpd > 2000 vpd-

STOP

N 41 27
Avg n (sec) 14.9 16.7
t/cycle 3.4011 3.81

YI ~LD

N 45 14
Avg n (sec) 12.5 14.2
t/cycle 2.85 3.24

.
No Control

N 32 16
Avg TT (Sec) 14.6 15.1
t/cycle 3.33 3.44

:Y
Assumes 1.3 occupants/vehicles and time values of $6.31/hour
(Reference ~).
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TABLE 46. Comparison of Delay Costs Between Winfrey and TTl Computations

COST IN CENTS PER CYCLE
CONTROL TYP E

Major Roadway Vo Iume
< 2000 vpd > 2000 ypd-

..!! 21 21 y
\~ in frey TTl Winfrey TTl

STOP 2.82 ' 3.40 2.69 3.81

YI ELD ,2.71 2.85 2.63 3.24
" "

No Control 2.73 3.33 2.67 3.44

y
From Table 43.

2/
From Table 45.

3/
From Table 44.

TABLE 47. Composite Road User Costs

COST IN CENTS PER CYCLE
CONTROL TYPE

MaioroRoadwav Volume
< 2000 vpd > 2000'vpd-

.!! 11 .!! if
Vehicle Delay TOTAL Vehicle Delay TOTAL
Costs Costs Costs Costs

STOP 4.29 3.40 7.69 4.23 3.81 8.04

YIELD 4.24 2.85 7.09 4.19 3.24 7.43

rb Contro I 4.25 3.33 7.58 4.21 3.44 7.65

.!.!
From Table 42.

2/
From Table 46.
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HIGHWAY AGENCY COSTS

The responsible highway agency will Incur

additional costs any time a sign Is in­

stal led, removed or changed (e.g., from STOP

to YIELD). These costs must be balanced

aga i nst the expected benef I ts to be der I ved

from the change.

Initial costs of Installation or change

were ba sed on representat ive costs obta I ned

from a district of the Texas State Depart­

ment of Highways and Public Transportation

for all Items except the sign blanks. The

Texas Department of' Corrections suppl led the

costs for sign blanks, which are available

to governmental agencies only and are sub­

stantlally less than commercial costs. 80th

of these sources were assumed to be fa I r I y

representative of nationwide costs. How­

ever, the representat I veness of these f i g­

ures Is not particularly Important to this

ana I ys Is, since the expected road user sav­

Ings are significantly greater than sign

change costs.

Sign blank costs were $14 each for 24-lnch

(60-cm) STOP signs and $12 each for 30-lnch

(75-cm) YIELD signs. Average cost to change

an· existing sign at a 3-leg Intersection

(from STOP to YIELD) was $32, including ve­

hicle and ·Iabor costs. Installation of a

sign at a 3-1 eg Intersect I on where no sign

existed before was estimated to cost $72,

including post, installation material, ve­

hicle and labor. Costs for these and other

types of changes at 3- and 4-1 ego Intersec­

tions are summarized In Table 48.

I tis assumed that no ma Intenance I s per­

formed other than rep I acement as necessary.

A service life of seven years Is assumed.

EXPECTED FUEL CONSUMPTION

Excess fuel consumed in speed change cyc­

I es wa s computed f rom data by Win f rey (~),

based on the distribution of driving actions
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I stops, .slows to 5 mph (8 km/h), and slows

to 10 mph (16 km/h»). Excess fuel consumed

for each control type Is shown In Table 49

for both major volume ranges. These results

show that fuel consumption is essentially

insensitive to the minor variations In entry

speed observed.

This finding Is not unexpected/considering

the small relative contribution of vehicle

operat I ng cost to compos I te road user costs

<Table 47). Fuel consumption accounts for:

only a small portion of vehicle operating

costs, with the remainder relating to tires,

engine 01 I, maintenance and depreciation.

Therefore, it is concluded that fuel con­

sumption Is not a significant factor in

establ ishlng control criteria.

ANNUAL COSTS AND BENEFITS

For comparison of al I control alternatives

on a common economic base, all costs and

benefits were annualized. Costs expected

are those ascribed to the highway agency

<Table 48). As these are Initial costs

only, they were converted to equivalent

annual costs (I = 5%).

Benefits considered are the annual savings

derived from the difference In per cycle

costs shown In Table 47. For example, a

change. from STOP to YIELD, for a major vol­

ume less than 2000 vpd, would result In a

0.6f savings per cycle (7.69f - 7.09f).

Multiplied by the minor volume and by 365

days per year, this value would give the ex­

pected annua I sav I ngs of the change. The

expected average annual savings for al I

levels of minor volume are shown In Table 50

for three types of control change. These

average annual savings represent the Initial

year savings compounded annually by three

percent (to account for growth In traffic

volumes) and averaged over seven years (ex­

pected service life).

The three types of control change shown In



TABLE 48. 'InitialCosts of Sign Change and Installation

Type of Action 3-Leg Interseet I on 4-Leg'lntersecton

Sign Labor and Sign Labor and
Blank Other Matis TOTAL Blank Other Matis TOTAL

Install STOP $14 $72 $86 $28 $112 $140

I nstal I YI ELD 12 72 84 24 ,1.12 136

Change YIELD to 14 32 .46 2~ 42 70
STOP

"

Change STOP to 12 32 44 24 42 66
YI ELD

,

,

TABLE 49. Approx'imate Excess Fue I Consumed Per ,Speed Change Cycle

1/ Y-
CONTROL TYPE Averaqe Excess Fuel Consumed/Cyc I e (Gallons)

Maior Itoadwav Vol ume

< 2000 vpd > 2000 vpd-

, '

STOP 0.0106 ,0.0107

YIELD 0.0104 0.0106

No Contro I 0.0104 0.0107

J! Based on Reference 25.
1.1 To convert from ga I Ions per eye I e to liters per eye Ie,

multIply by 3.7854.
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TABLE 50. Average Annual Highway Agency Costs and Road User Savings

Control Type Highway
Chanqe Agency Expected Aver'aqe Annua I Savl nqs

'From To Costl/ MInor Roadway Vo Iume
I I

-
ExlstlnCl Proposed 3-Leg 4-Lea 100 200 300 400 500

~--------------------------------Major Volume ~ 2000 vpd-----------------------------

STOP YIELD $ 7 $ 11 $ 240 $ 480 $ 720 $ 960 $1,200

STOP No Control 5 5 44 88 132 176 220

No Control YIELD 14 23 196 392 588 784 980

--------------------------------Major Vol ume > 2000 vpd------------------------------

STOP YIELD $ 7 $ 11 $ 244 $ 488 $ 732 $ 976 $1,220

STOP No Control 5 5 155 310 465 620 775

No Control YIELD 14 23 88 176 264 352 440

J! From Table 48.
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In no Instance is the annua I Ized cost of
the proposed change areater than the ex­
pected average annual savings. Net total
benefit can be determined by sUbtracting the
highway agency cost from the road user sav­
Ings.

Table 50 are those that produce positive
benefits (I.e., the existing control type is
more expensive than the proposed control
type). A negative benefit would accrue If
the control change were reversed.

AI I costs were converted to annua I rates
using a control device service life of seven
years and a discount of' five percent, as re-
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commended by Buffington, et. al.
annual growth rate In traffic of
cent was assumed.

(28). An

three per-



CHAPTER 6. FINDINGS AND CONCLUSIONS

SUMMARY OF MAIN EFFECTS AND SIGNIFICANT

I NTERACT IONS

The main effects and significant Interac­

tions of the field delta analysis are sum­

marized In Table 51. For each condition In'

which the main effect was significant, the

direct Ion or the I eve I of the Independent

variable at which significance occurred Is

shown on the matrix. Significant interac­

tions are Indicated only by an "X". A b'lank

Indicates non-significance; a I~_" indicates'

that the Independent variable was 'not

tested.

Control Type

"Ar'e there significant differences In op­

erational behavior amol1g STOP, YIELD, and No

Control low volume Int~rsectlons?"

Accident Experience

Control type appears to affect accidents

In a manner opposite to that expected, as

evidenced by the significant differences

shown In the dependent variable Intersec­

tions with accidents. There are three pos­

sible explanations for the trend shown.

First, It cannot be unequivocally stated

that the control type In place during the

flel,d studies was also In place during the

accident analysis period (1975-77). In rrost

cases, the operating agency could verify the

control type, but In other cases the records

were unc I ear. Second, 'there may be other

Intersect i on character i st I cs that were not

I dent if I ed that had a sl gn I f I cant effect .on

historical accidents.

The most likely explanation Is that major

volume had a slgnl flcant impact that. shows

up not on ly under the Independent variable

of major volume but also under control type.

Figure 7 shows the distribution of mInor

roadway control type by each major volume

75

category (also shown In tabular' form In

Table 14). As major volume I;'Icreases, the

parpart Ion of STOP-controlled intersections

stud i ed a I so Increases, with the except i on

of the 5000+ range. Since r:1ajor. volume was

sign 1f i cant for the dependent var I ab 1e I n­

tersect ions wi th acc i dents, I tis probab I e

that the trend shown for signing Is not re­

presentative of what could be expected by a

change In control type.

Travel Time and Driver Behavior

The significant difference In combined

travel time' is the result of the tendency

for drivers to' slow down more for STOP signs

than for the other control types. This ten­

dency I s borne out by the dIf ferences shown

for behavior rates. For example, tho volun­

tary stop rate was approx I mate I y 10% higher

for STOP control than for the others.

No control produced slower driver behavior

than did YIELD control and consequently, a

signIficantly longer travel time. This

finding Is most likely due to some misinter­

pretation ofYI ELD control coupled with ex­

treme cautl~n and/or uncertalnlty at No Con­

trol intersections.

Conclusions

It Is concluded that the effect of control

typo on elccldent potential at low volume In­

tersections Is not appreciable. Control

type does result In sIgnificantly different

travel times, with STOP control requiring

the longest travel· time and YI ELD control

t he shortest.

Regions

"Are there operat lana I differences at. low

volume intersections located In different

geographic regions?"



** HV =

LV =
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TABLE 51. Summary of Main Effects and Significant Interactions: AI I Dependent Variables.

Independent Dependent Variables

Ace. Int. TT n TT
Variables FSR Int. w/Acc.* 4-Leg 3-Leg Comb. VSR SER FER

Re~ion NY>TX>FL NY>TX/FL FL>TX>NY NY>TX/FL
LocatIon U > R R > U R > U U > R
Control S>Y>NC S>IIC>Y S>NC>Y
Geometry 4>3 --**~ --
Ma.ior Va Iume** HV > LV HV > LV DOOO/4000 HV > LV HV > LV -- -- --
Req X Lac X -- X X X X X X
Req X Cant -- X
Req X Geo -- X
Req X M Vol X -- X -- -- --
Lac X Cant -- X
Lac X Geo --
Lac X M Vol -- -- -- --
Cant X Geo --
Cant X M Vol -- -- -- --
Geo X M Vol -- -- -- --

* Based on a chi-squared analysis.
Major Volume> 2000 vpd
Major Volume~ 2000 vpd
indicates variable not tested
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Driver Behavior

Analysis of the field data showed that

driver behavior varied significantly among

regions. Aside from contributory sampling,

artifacts experienced in Florida, the dif­

ferences observed can be attr I buted to the

influence of the volume characteristics of

each region. For example, New York, whi'ch

had the highest ma'jor roadway volumes, had

higher forced stop and fast entry rates and

lower voluntary stop rates.

Travel Time

The effect of major volume on higher

forced stop rates in New York manifests it­

self in terms of increased turning movement

trave I ti meso

Since the drivers in rural areas were more

likely to have an acceptable gap ava; lable

(due to lower major vol urnes), .a vol untary

stop would not produce significant delay.

Travel Time

A I though the rura I trave I ti me at 4-1 eg

. Intersections was approximately 4 seconds

longer than the urban travel time, the bulk

of tho difference was the result of the

samp ling art i fact ,encountered at rura I 4-1 eg

Intersections ·in Florida (Table 35). This

assumption is affirmed by the signi ficant

interact i on of reg I on and Iocat i on. Com­

bined travel 'times were less than one second

longer for rural intersections, demonstrat­

ing the. impact of the sampling artifact on

4:-leg travel times.

Conclusions Conclusions

A I though reg i ona I d i f ferences were ob­

served, they appear to be a consequen ce of

differences in major 'roadway volume. This

be i8'0 the case, vo I ume, rClth~r',' than ..rElg I?n a,I,

differences, 'shou I d be cons i dared in the es-
tab',1 i shment df: 2;ntro'l 'criterTil'.'·' "_._.,., .. ,,,,'''-.,

Differences observed between urban and

rural locations were probably a function of

maj or roadway vo I ume and/or samp ling art i­

facts. These minor differences do not j us­

tify establishing different control criteria

""for"urban and rural locations.

Loca't ion Geometry

"Are there operatiol1al dl fferences between

urban and rural low ~~I~~~"'i~'te~;ec:;:'i~~~i;;:~_
-'.... ~:

:".J -'1

Dr i,.ver Behav.ior,?

"Are there operat i ona I 'd i f ferences between

intersections of different geometrlcs?"

That is, does the traffic at "T" intersec­

tions behave differently from the traffic at

"+" Intersections.

Accident Experience

There were no sign i f i can t rna i n effectsin

the ANOVA, but ,a chi-squared analysis showed

that 4-,leg intersections had significantly

more accidents than did .3-leg intersections

(P< .05) • The most like I y i nterpretat i on of

this finding is that there is a greater op­

portunity. for conflict, and consequently

accidents, at 4-leg intersections.
"""'-'( -,. - - -'. -.- '--~--' . -,_ ........"." .... ~ .... _.... -"-""""\,'-" - ."-. --,-~ ''''l'-'''~'''' ".... _ ....·i

'j

Va I untary stop" rate··"was ....s·1 gn i'f i'cantl y'''' .'

higher for rural intersections than for ur­

ban. The oppos i t~ case was found for s I ow

entry rate (urb,an hi gher than'" rura'i ).~. 'It 'is:

poss i b Ie that \lOth. jJndi_ngs, ..1lr:e , r-~)i:l,!e;q __t.~._
the dr i vers' expectat i on of the 1i ke I i hood
of bei ng afforded ?In''"·ade·(i'u-a-fe'-~g·a·p'~i n-'the"",ma',,;" _...,~-",,"

jor stream. I n'::the .ur:ban ....ar:,eas,w!)e,re .. major

volumes are higher, drivers may be condi­

tioned to accept a gap quickly, even if It

means making a "ro"lIJng .stop"..,.Cslow..entr.y) ...
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Conclusions

It is concluded that intersection geometry

does not playa major role in either safety

or operational considerati~ns~ and there­

fore, should not be included in control ,cri­

teria.

Major Volume

"Are there operational differences that

can be explained by consideration of major

volume?"

accident potential and operation at low vol­

ume intersections. Above 2000 vpd, accident

potential and operating cost increase sig­

n if i cant Iy. It shou I d be noted that a I­

t hough acc i dents I ncrease at maj or vo I umes

above 2000 vpd, there is little indication

that intersections above that level are un­

safe'. Table 52' shows that although the

annual accident rate from the field studies

increases, it is extremely low compared to

most accident standards.

Sight Distance

Travel Time

Conclusions

Travel time for 3-leg Intersections and

turning movements increased significantly at

2000 vpd, probably as a result of the change

in forced stop rate at the same volume

level.

The analysis showed significant relation­

ships main effects for both accident-related

variables. A chi-squared analysis Indicated

significant increases in intersections with

accidents at 2000 vpd and again at 4000 vpd

(p<.05). Th i s fi nd I ng Ind ICates that major

volume is the primary variable affecting

accident experience. Support to this find­

ing is added by the analysis of the Texas

accident data, In which 1500 vpd surfaced as

the point of significant change in accident

experience.

Sight distance at low volume intersections

has no effect on safety'or operations. How­

ever, In no case shou I d a contro I type be

recommended for a location at which the dri­

ver is not affofded ~ight distance adequate

to perform the maneuver associated with that

type of contro I. The resu I ts of th i s re­

search suggest that the safe approach speed

of 10 mph (16 km/hl recommended in the MUTCD

may be over I y conservat i vee More I i bera I

values such as those used by several juris­

dictions [5 and 8 mph (8 and 13 km/hl I may

be adequate. further research I s needed to

establ ish the minimum safe approach speed

for YIELD and No Control operation. Since a

less conservative value cannot be statisti­

cally justified,the 10 mph (16 km/hl value

specified in the MUTCD should be adhered

- to.

Though not included among the significant

questions to be answered, the role of sight

distance was cons i dered to be potent i a I I Y

influential. The effects of sight distance

wou I d be most read i I Y demonstrated by chan­

'ges in the vo I unta ry dr i ver behav i or rates.

Voluntary stop and slow entry would be ex­

pected to increase, and fast entry decrease.

These variables were tested for the effects

of sight distance; it was found that sight

distance had no discernable effect.

Conclusions

appears to be the

low volume intersec­

stop rate increases

vehicles per day

Major roadway vol ume

predominant variable In

ti on operation. Forced

significantly at 1000

(vpd).

Accident Experience

Driver Behavior

Major volume significantly Impacts both
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TABLE 52. Average Annual Accidents Experienced At
Field Study Intersections

Control Annual Accident Rate
Type Major Roadway Volume

o - 2000 vpd 2001-4000 vpd 4000 + vpd

STOP .099 (27)* .030 (11) .333 (10)

YIELD .048 (35) .333 ( 6) .429 ( 7)

No
Control o (29) o ( 3) .389 (12)

TOTAL .051 (91 ) .143 (20) .381 (29)

* Number of Intersections observed.
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COST-EFFECTIVENESS OF CONTROL ALTERNATIVES

Chapter 5 exp lored in depth the factors

beari ng on the expected costs and benefits

to be der Ived from changes In contro I type.

It was clearly demonstrated that YIELD con­

trol produces significant savings to the

road user. The level of the total savings

is dependent on the number 0 f veh I c I es on

the mi nor roadway. Removal of STOP contol

always produces greater savings than the

cost of remova I or change. Changes away

from YIELD control produce significant dls­

benefit to the road user wl~~~ut a~y de~o~­

strated Increase in safety.

It is concluded that YIELD control is the

most cost-effective control type for low

vo I ume intersect Ions. STOP contro I I s the

least cost-effective alternative at any

major roadway vo I ume. Thou gh there I s no

demonstrated effect of control type on acci­

dents, conventional wIsdom maintains that

STOP control produces safer operation than

YIELD. Even considering potential accident

costs, YIELD con"trol Is demonstrably more

cost-effective than STOP up to 2 accidents

In 3 years. ( I f the ml nor road vo I ume ex­

ceeds 300 vpd, up to 3 accidents In 3 years

with YIELD control is cost-effective.) STOP

control should be Instal led at locations

with more than 3 accidents.

SUGGESTED CRITERIA

Based on the resu I ts of th I s study, the

following criteria should govern the appll­

cat i on of traff I c contro I at low vo I ume 1n­

tersectons:

I. STOPslgn(s) should be Installed on the

mI nor approach (es) 0 f I nteresect ions

where one or more of the following con­

ditions exist:
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a. SI ght ,dl stance on any quadrant pro­

duces' a safe approach speed on the

mi nor approach of less than 10 mph

(16 km/h) (per MUTCD).

b. Accidents involving minor roadway ve­
hicles have occurred with either of

the fol lowing frequencies:

o Four or more within any 12 month

period durl ng the last three

years, or
o Three or more within the last

three years" provided the ml nor

roadway vo I umes are less than 300

vehicles per day.

2. YIELD slgn(s) should be Installed on the

ml nor approach(es) of intersections

'where available sight distance exists on

~ quadrants)to permit a safe approach

speed of at Ieast 10 mph (16 km/h) and

one or more of the following conditions

exist:

a. No more than two accidents Involving

minor roadway vehicles have occurred

within the last three years, or

b. At Intersections with minor roadway

volumes greater than 300 veh Icles per

day, no more than three such accidents

have occurred within the last three

yea rs.

3. No Control may be used at Intersections

where the sight d I stance spec' fled for

YIELD signs Is afforded, and there have

been no accidents In' the last three

years, and the maj or roadway vo I ume Is

less than 2000 vehicles per day.

Table 53 summarizes the conditions under

, which each control type should be appl led.



TABLE' 53. Summary of Suggested Control Criteria.

Major Roadway Volume
Sight Accident

Distance History < 2000 vpd > 2000 vpd-

I
0 I'-b Confrol ' I

I------

'<2 YIELD-
Adequate ----------------

3 STOP*

4+

STOP
Not

Adequate

* I f minor roadway Is greater than 300 vpd, YIELD contro I Is
appropriate for Intersections with less than 4 accidents In
3 years.
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CHAPTER 7: IMPLEMENTAT I or~ PLAN

Implementation of low volume intersection

control criteria should be considered In a

pI' I or i ty order for two categor I es: new I n­

tersections and existing intersections.

This chapter details the order In which con­

trol changes should be considered and the

ana I yses necessary to I denti fy appropr I ate

'control for each location.

I

NEW I 'H ERS ECT I O~~S

New Intersections are those created by the

oponl1g of new streets, either singly or in

subdivisions. For new intersections of low

volume streets entering collector streets,

YIELD control should be Installed In the

,close proxlmity)'time-wise)of the opening of

the street. The only analysis required will

be an estimate of the adequacy of sight dis­

tance for proper YI ELf) operat I on. Deta II s

on th i s measurement are provl ded I n the sec­

tion on existing streets.

Intersections of new local/local streets

In a subdivision should be left uncon­

trolled, provided there is adequate sight

d I stance and no other circumstances requ I 1'­

I ng contro I.

EX I STI NG INTERSECTIONS

Control changes at locations where condi­

tions are known to be within the recommended

criteria should be Implemented immediately.

At all other locations, estimates of traffic

volumes, sight distance and a determination

of accident history must be made prior to

the Implementation of control changes. For

situations where a city-wide or county-wide

assessr:'lent. of all Intersections Is Impracti­

cal due to funding or personnel constraints,

STOP-control led intersections should be con­

sidered first, because the changeover from

STOP to YIELD contro I produces the max 1mum

benefit. The remaining Intersections should

be consl,dered as time and funding permit.

The following sections Identl fy the proce­

dures necessary in determining the feasibil­

ity of a control change.
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Identification of Low Volume Intersections

A determination of which of the candidate

Intersections fit the low volur:'le criterion

should be made first. If traffic volumes

a reo not known, a one-hour count shou I d be

conducted. I n the absence of better loca I

adjustment factorS, counted volumes' can be

converted to vpd est i mates us i ng the conver­

sion factors In Figure 8. Intersections

that do not meet the minimum criteria for

chang 1ng contro I (m Inor vpd < 500) s hou I d be

discarded.

Identification of Control Type

Th I s act I v I ty app I I es on I y to stud ies con,..

siderlng all low volume Intersections, not

those cons I del'l ng on Iy STOP contro I. On­

site Inspection (during the counting activi­

ty) of each Intersection Is needed to Insure

the type of device In place. This seemingly

unnecessary task is Included because slgnl­

f Icant error was encountered, In all control

device records examined. Intersections with

YIELD control can be el imln8ted from further

study.

Determination of Accident History

The accident history should be determined

for each of the remaining Intersections.

Only accidents Involving minor roadway ve­

hicles should be considered. Intersections

with four or more accidents In the last

three years should be STOP-controlled.

Those with two or fewer ace I dents can be

further considered for a control type

change.

Determine Adequacy of Sight Distance

Before either YIELD or No Contro I can be

Implemented, sight distance adequate for a

safe apProach speed of 10 mph (16km/h) must

be verified. Safe approach speed can be de­

termined from'the figure and chart shown In

Append i x B. Speeds shou I d be measured If

possible; If speed measurement is not pos-
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sib I e, the posted speed lim I t for the ap­

proach should be used.

Priorities of Control Changes

First priority for change of all the in­

tersections that meet the above criteria for

YIELD should be those STOP~control led Inter­

sect ions with major vo I umes I ess than 2000

vehicles per day. ThIs is the category

whe-re the need for change can be most

readi Iy demonstrated. Implementation In

this category wi II enhance future Implemen­

tation at higher volume ranges. Implementa-
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tion in this range should be undertaken im­

mediately.

Next pr I or i ty shou I d be given to chang i ng

STOP-controlled intersections in the> 2000

vpd range to YI ELD, followed by No Control

to YI ELD at local/local intersections as

funding permits. Although YIELD produces

lower operating costs than No Control, care

s hou I d be exerc i sed not to ap ply contro I at

every local/local Intersection, lest the

effectiveness eventually be diminished

through overuse.
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APPENDIX A
FIELD DATA

Texas Rural STOP Texas Urban STOP
Geo FS VS SE FE TVEH ' CF ACC Geo FS VS SE FE TVEH CF ACC

3-leg 16 0 12 0 28 2 0 3-leg 13 2 13 1 29 1 0
3-leg 16 0 4 4 24 4 0 3-leg 25 25 33 4 87 2 0
3-leg 6 7 9 6 28 0 0 3-leg 21 7 54 17 99 5 0
3-leg 2 3 15 3 23 0 1 3-leg 0 2 6 4 12 0 0
3,.1 eg, 3 O. 8 2 13 0 0 3-leg 29 1 7 1 38 4 0
3-leg 8 0 14 0 22 2 1 4-leg 1 14 22 12 49 0 1
4-leg 7 13 47 19 86 0 1 4-leg ,9 4 29 5 47 2 0
4-leg 15 1 17 8 41 0 0 4-leg 5 3 8 0 16 2 1
4- le9 8 14 13 1 36 0 0 4-leg 8 7 21 3 39 0 0
4-leg 29 47 116 31 223 1 1 4-leg 9 8 22 5 44 0 0

Texas Rural YIELD Texas Urban YIELD
Geo FS VS SE FE TVEH CF ACC Geo FS VS SE FE TVEH CR ACC

3-leg 0 0 16 0 16 0 1 3-leg 0 0 23 0 23 0 0
3-leg 0 0 8 4 12 0 0 3-leg 0 4 20 0 24 0 0
3-leg 2 0 18 6 26 0 0 3-leg 0 2 8 0 10 0 0
3-leg 0 0 32 0' 32 0 0' 3-leg 1 0 II 0 12 0 0
3-1 eg 0 0' 28 0 28 0 0 3-leg 0 0 58 5 63 0 .0
3-leg 0 0 15 3 18 0 ·0 4-leg 0 0 36 0 36 0 0
3-1 eg 0 0 28 6 34 0 0 4-leg 2 0 26 0 28 0 1
3-leg 0 0 3 15 18 0 0 4- le9 6 3 25 0 34 3 0

3- le9 0 0 8 2 10 0 0 4-leg 0 16 48 4 68 0 0
3- le9 0 0 14 4 18 0 0 4-leg 2 12 10 0 24 0 0

Texas Rural No Control Texas Urban No Control
Geo FS VS SE FE TVEH CF ACC ' Geo FS VS SE FE TVEH CF ACC

3- le9 0 0 31 1 32 0 0 3- le9 2 0 20 0 22 0 0
3-leg 0 0 10 2 12 0 0 3- le9 8 4 16 0 28 0 0
3-leg 0 0 8 '0 8 0 0 3- le9 0 0 21 0 21 0 0
3-leg 1 1 8 15 25 1 0 3-leg 0 0 '4 0 4 0 0
3-leg 0 I 7 0 8 0 0 3- le9 2 4 6 0 12 1 0
3-leg 0 0 8 0 8 0 0 3-leg 12 3 6 0 21 1 0
3- le9 6 0 6 0 12 1 0 3-leg 2 0 7 0 9 1 0
3-leg 0 0 13 3 16 0 0 3- le9 11 4 19 0 34 5 0
4- le9 0 16 16 0 32 0 0 3- le9 0 2 5' 0 7 0 0

4- le9 3 4 38 0 45 0 0 4-leg 0 4 32 4 40 1 0
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Florida Rural STOP Florida Urban STOP

Geo FS VS SE FE TVEH CF ACC Geo FS VS SE FE TVEH CF ACC

3-1 eg 3 a , .a 4 0 a 3-leg a a 3 2 5 a a

3-leg 6 5 4 a 15 a 0 . 3-1 eg 5 a, 5 a 1a· a 3

3-1 eg a 2 a 1 2 a a 3-leg '4 0 10 1 15 0 a

3- le9 a 1 a 0 1 0 0 3-leg 1 2 14 3 20 a 0

3-leg a 2 1 0 3 0 .0 4-leg 2 2 13 6 23 a a

4-leg 9 14 15 2 4a a 0 4-leg a 1 14 3 18 a ·a

4-leg 22 2 9 0 33 1 1 4-leg 8 a 13 1 22 0 a

4-leg 31 2 7 0 4a 3 a 4-leg a 1 2 2 5 0 1

Florida Urban YIELD
Geo FS VS SE .FE T'lEH CF ACC

3-.1 eg a 0 5 a 5 0 0

3-leg a 1 13 a 14 a a
3-1 eg 0 a 7 1 8 a 0

3-leg 1 a 11 1 13 0 0
3-1 e9 a 0 5 1 6 0 0
3-leg 0 1 7 a 8 a a
3-1 eg a 1 4 a 5 a a
4-leg 1 6 10 1 18 a a
4-leg a 5 6 a 11 a a
4-leg 4 3 12 a 19 a 4
4-1 eg a 3 14 6 23 0 2
4-leg 1 3 14 2 2a a 0

4-leg 0 3 18 4 25 a 2

4- le9 5 2 15 2 24 0 a
4-leg 0 0 7 4 11 0 a
4-leg a 2 11 o· 13 0 a

Florida Urban No Control
Geo FS VS SE FE TVEH CF ACC

3-leg 0 0 2 0 2 0 0

3-leg 0 a 1 a 1 a 0

3-leg 0 0 3 a 3 a a
3-leg 0 a 2 1 3 a a
3-leg 0 a 1 0 1 0 a
3-leg 0 a 1 1 2 a a
3-1 eg 0 1 1 0 2 0 0

3-leg a 0 1 a 1 a a
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~~ew York Rura I STOP New York Urban STOP

,Geo FS VS SE FE TV EH CF ACC Goo FS VS SE FE TVEH CF ACC
3-leg 7 0 5 1 13 0 1 3-1 eg 7 0 7 3 17 I 1
3-leg 0 1 14 5 20 0 1 3-leg 6 0 3 2 11 1 0
3-leg 6 1 6 0 13 0 0 4-leg 15 0 8 2 25 1 0
3-leg 7 1 12 2 22 1 I 4-leg 8 1 14 4 25 I 3
3-leg 1 1 8 1 11 0 0

4-leg 3 0 10 3 15 1 1

4-leg 0 3 18 6 27 0 0

4-leg 5 1 16 5 27 0 0

New York Rural YIELD New York Urban YIELO

Geo FS VS SE FE TVEH CF ACC Geo FS VS SE FE TV EH CF ACC
3-leg 6 0 7 6 19 1 1 3-leg 6 0 6 0 12 1 1
3-1 eg 9 0 6 4 ' 19 0 0 3-leg 8 0 6 3 17 0 0
3-leg 7 0 9 1 17 1 0 3-leg 10 0 6 4 20 0 8
3-1 eg 0 0 3 11 14 0 0 3-1 eg 2 0 3 2 7 0 0
3-leg 4 0 4 1 9 1 0

3-leg 2 0 4 1 7 1 0

3-leg 2 1 11 4 18 0 0

3-leg 12 1 7 0 20 1 0

New York Rural No Con'trol New York Urban No Contro I

Goo FS VS SE FE TVEH CF ACC Goo FS VS SE FE TVEH CF ACC
3-leg '3 1 9 5 18 1 0 3-leg 3 0 6 2 11 1 0
3-1 eg 2 1 10 0 13 0 0 3-leg 3 0 5 1 9 0 0

3- le9 8 0 6 0 14 1 0 3-1 eg 5 0 6 3 14 0 0

3-leg 6 0 9 0 15 0 8 3-leg 6 0 5 1 12 1 0
3-leg 5 2 10 3 20 0 0 3-leg 9 0 8 3 20 , 6
3-1 eg 1 0 14 1 16 0 0 3-leg 3 0 4 1 8 0 0
3-leg 0 0 5 3 8 1 0 3-leg 8 0 8 2 18 2 0
3-leg 2 0 8 3 13 0 0 4-leg 9 0 12 5 26 1 0
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REG LOC CONTROL GEO INT FS VS SE FE TVEH CF ACC

STOP 3-Leg 6 51 10 62 15 138 8 2
4-Leg 4 59 75 193 59 386 1 2

RURAL YIELD 3-Leg 10 2 0 170 40 212 0 1
4-Leg 0 -- -- -- -- -- -- --

No Control 3-Leg 8 7 2 91 21 121 2 0
4-Leg 2 3 20 54 0 77 0 0

TOTAL -- 30 122 107 570 135 934 11 5
. TEXAS

STOP 3-Leg 5 88 37 113 27 265 12 0
4-Leg 5 32 36 102 25 195 4 2

YIELD 3-Leg 5 1 6 120 5 132 0·· 0
URBAN 4-Leg 5 10 31 145 4 190 3 1

No Control 3-Leg 9 37 17 104 0 158 8 0
.4-Leg 1 0 4 32 4 40 1 0

TOTAL -- 30 168 131 616 65 980 28 3

TOTAL -- -- 60 290 238 1186 200 1914 39 8

REG LOC CONTROL GEO INT FS VS SE FE TVEH CF ACC

STOP 3-Leg 5 9 10 6 1 25 0 0
4-Leg. 3 62 18 31 2 113 4 1

RURAL
YIELD 0 -- -- -- -- -- -- -- --

No Control 0 -- -- -- -- -- -- -- --

TOTAL -- 8 71 28 37 3 138 4 1
FLORIDA

STOP 3-Leg 4 10 2 32 6 50 0 3
4-Leg 4 10 4 42 12 68 0 1

URBAN
YIELD 3-Leg 7 1 3 52 3 59 a 0

4-Leg 9 11 27 107 19 164 0 8

No Control 3-Leg 8 0 1 12 2 15 0 0
4-Leg 0 -- -- -- -- -- -- --

TOTAL -- 32 32 37 245 42 356 0 12

TOTAL -- -- 40 103 65 282 45 494 4 13
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REG LOC CONTROL GEO INT FS VS SE FE TVEH CF ACC

STOP 3-Leg 5 21 4 45 9 79 I 3
4-Leg 3 8 4 44 14 70 1 1

RURAL YI ELD 3-Leg 8 42 2 51 28 123 5 1
4-Leg 0 -- -- -- -- -- -- --

No Control 3-Leg 8 27 4 71 15 117 3 8
4-Leg 0 --' -- -- - -- -- -- --

NEW TOTAL -- 24 98 14 211 66 389 10 13
YORK

STOP 3-Leg 2 13, 0 10 5 28 2 1
4-Leg 2 23 1 22 6 50 2 3

YI ELD 3-Leg 4 , 26 0 21 9 56 1 9
URBAN 4-Leg 0 -- -- -- -- -- -- --

No Control 3-Leg 7 37, 0 42 13 92 5 6
4-Leg 1 9 0 12 5 26 1 0

,
TOTAL -- 16 108 1 107 38 252 11 19 \

TOTAL -- -- 40 206 15 318 104 641 21 32
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APPENDIX B. DETERMINATION OF SAFE

APPROACH SPEED

The following discussion of safe approach

speed is taken from the Traffic Engieerlng

Handbook, Institute of Traffic Engineers,

1965.

Safe approach speed studies are conducted

to determine the maxImum speed at Which a

vehicle can. approach an Intersection and

stili be able to stop In time to avoid a

coil islon with a vehicle approachIng on the

Intersecting street. The value of the safe

approach speed can then be used to determine

the appropriate vehicle right-of-way control

at the Intersection.

Figure 9.shows the typical situation. Two

cases are II I ustrated: veh I c I e B on the

minor street approach Is I n potent I a I con­

f Ilct with vehicle A approaching from the

left on the major street; or, vehicle C on

the. minorstree1; approach Is In potential

conflict with vehicle D approaching from the

right on .the major street.

The values of a' and c' are assumed to be

either 12 ft. (3.6 m) (with curb parking),or

6 ft. (1.8 m) (without parking), for both

two-way and one-way streets. For two-way

streets, the values of b' and d' are either

one-half the street width plus 3 ft. (.9 m),

or the street wIdth minus 12 ft. (3.6 m),

1'1 h I chever I s sma I Ier; for one-way streets

the values for b' and d' are either 9 ft.

(2.7 m) (with curb parking) or 3 ft. (.9 m)

(without parking). Values for a', b', c',

and d' are measured in the field. Values

for a, b, c, ~nd d can then be computed.

The approach speed of the major street

vehicles used In this analysis must be at

least the 85th percentile of the spot speeds

observed on th I s street; use of a higher

value than this will provide a safety fac­

tor.
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In addition to the location of sight

obstruct ions and' the speed of the fastest

vehicles on the major street, a number of

other factors affect the safe approach speed

from the minor street. However, to evaluate

each of these for every I.nstance I s I I ke I y

to be cumbersome, and several conditions are

therefore assumed: approaching vehicles are

In the' most danger-Qu's legal pOsition In

respect to lateral placement 'on the roadway;

driver: reaction time. Is 1 sec~ deceleration

rate Is 16 ft./sec2 (4.8 m/sec2 ); and

the driver's eye is.7 ft. (2.1 m) behind the

front bumper and 2 ft. (1.6 m) from the left

side of the vehicle.

The chart shown In Figure 10 represents

the solution Which makes all the foregoing

assumptions/and Indicates a safe approach

speed which will allow the vehicle on the

minor approach to come to a stop .a ft. (2.4

m) from the point where the two vehicle

paths cross~ The chart Is used by plotting

the coordinates.(a,b) and (c,d). A line Is

drawn through each of these po I nts to the

appropriate major street vehicle speed scale

A and extended until It Intersects scale B

for minor street vehicle speeds. Th.

sma I I er of the two va I ues on the latter

sca lei s the sa fe approach speed for that

approach. I n the sampl e determl nat I on of

safe approach speed/ illustrated In Figure

10, the fo I low I ng steps were taken: (1) the

coordInates la = 35 ft. (10.5 m), b = 50 ft.

(15.0 m)].and (c= 40 ft. (12.0 m), d = 30

ft~ (9.0 m)J wer'e plotted; '(2) lines were

drawn through each of these plotted po I nts

to the assumed 33 mph. (11 km/h) major street

approach speed on scale A; and (3) these two

I I nes were extended u,nt I I they I.ntersected

themi nor street speed sca I e B, at the va lues

of 16 mph (26 km/h) and 12 mph (19 km/h),

respectively. Thus, In this example, the

smaller value of 12 mph (19 km/h) Is the
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Figure 9. ' Analysis of Safe Approach Speed for Vehicle
on Minor Street Approaching A Major Street
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Figure 10, Safe Approach Speed Chart Illustrating
Analytical Example
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critical safe approach speed for thIs minor

street approach.

A similar analysis Is conducted for the

other ml nor street approach. I f the two

Intersecting streets have almost equal

traff Ic vol umes, the entl re procedure may

have to be repeated after the des I gnat Ions

for maj or and ml nor streets have been

interchanged. Figure 11 Is a blank safe

approach speed chart for determl n I ng safe

approach speeds.
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FEDERALLY COORDINATED PROGRAM fFCP) OF HIGHWAY
RESEARCH AND DEVELOPMENT

The Offices of Research and Development (R&D) of
the Federal_ Highway Administration (FHWA) , are
respo-nsible for a broad program of staff and contract
research and development and a Federal-aid
program, conducted by or through the State highway
transportation agencies, that includes the Highway
Planning and Research (HP&R) program, and the
Natio,nal Cooperative Highway Research Program
(NCHRP) managed by the Transportation Research
Board. The FCP i~ a carefully selected group ofproj·
ects that uses research and development resources to
obtain timely solutions to urgent national highway
engineering problems.· '

The diagonal double stripe on the cover of this report
represents a highway and is color-eoded to identify
the FCP category that the report falls under. A red
stripe is used for category I, dark blue for category 2,
light blue for category 3, brown for category 4, gray
for category 5, green for categories 6 and 7, and an
orange stripe identifies category O.

FCP Category Descriptions
1. Improved Highway Design and Operation

for Safety

Safety R&D addresses problems associated with
the responsibilities of the FHWA under the
Highway Safety Act arid includes investigation of
appropriate design ·standards, roadside hardware,
signing, and physical and scientific 'data for the
formulation of improved safety regulations.

2. Reduction of Traffic 'Congestion; and
Improved Operational Efficiency

Traffic R&D is concerned with increasing the
operational efficiency of existing highways by
advancing technology, by im-proving designs for
existing as well as new facilities, and by balancing
the demand-capacity relationship through traffic
management techniques such as bus and carpool
preferential treatment, motorist information, and
rerouting of traffic.

3. Environmental Considerations in- Highway
Design, Location, Construction, and Opera-
tion '

Environmental R&D is directed toward identify:
ing and evaluating highway elements that affect

• The complete !leven-volume' official !talement of Ihe rep is available hom'
the National Technical Informalion Service, Springfield, Vo, 22161. Single
eopies of the inlroductory 't'olume are available without charge from Program
Anoly,i, (HRD-3~ Offices of Reseorch orid Development, Federol Highwoy
Admini>troti?n, V;'..,hington"D,C, 20590

the quality_of the human environment. The goals
are reduction of adverse highway and traffic-=-,
impacts, and protection and enhancement of the
environment.

4. Improved Materials Utilization and
Durability

Materials R&D is concerned with expanding the .
knowledge and technology of materials properties,
using available natural materials, improving struc­
tural foundation materials, recycling highway
materials, converting industrial wastes into useful
highway products, developing extender or
~ubstitute materials for those in short supply, a~d
developing more rapid and reliable testing
procedures_ The goals are lower highway con­
struction costs and extended maintenance·free

"-operation.

5. Improved Design to Reduce Costs, Extend'
Life Expectancy, and Insure Structural
Safety

Structural R&D is concerned with furth~ring the
latest technological advances in structural and,­
hydraulic designs, fabrication processes, and
construction techniques to provide safe, efficient
highways 'at reasonable costs.--,----- ",-,---"

6. Improved Technology for· Highway
Construction

This category is concerned with the research,
development, and impiementatiori of highway
construction technology to increase productivity,
reduce energy consumption, conserve dwindling

,resources, and reduce costs while improving the
qU8:Iity and methods. of construction.

7. Improved Technology for Highway
'Maintenance -

This category addresses problems, in' preserving
the Nation's highways and includes activities in

'physical maintenance, I traffic services, manage­
ment, and equipment. The goal is to maximize
operational efficiency and safety to the traveling
public while conserving resources:

O. Other New Studies

This .categoT)·, 'not included in the seven-volume
official statement of the FCP, is concerned with
HP&R and NCHRP studies not specifically related
to FCP projects. These ~tudies involve R&D
support of other FHWA program office research.


